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ABSTRACT 
A Comparison of lhree Nethoos Used to Analyze 
Pronghorn Ante10r. Diets 
by 
Leonard J. Shandruk, Naster of Science 
Utah State University, 1975 
Major Professor: Dr. Arthur D. Smith 
Department: Range Science 
vii 
An increasing interest 1n fecal analysis as a method of determining 
diets of herbivores prompted research to determine if this method could 
be used successfully to determine diets of pronghorn antelope found in 
. Utah's cold desert rangelands. In addition to fecal analysis, quantita-
tive estimates of pronghorn diets were derived from rumen analysis and 
feeding site observations. Rumen samples were analyzed by three dif-
ferent methods : .(1) microscopic, (2) gravimetric, and (3) point frarre. 
In addition to field experiments, samples from a feeding trial with a diet 
of known composition were used to determin~ whether or not differential 
digestion of plant epidermis occurs. 
Fourteen male pronghorn antelope were collected between July, 1970 
and June 4, 1971 on the Desert Experimental Range ne" Milford, Utah. A 
.fecal sample was taken from the intestine of each. In addition fecal 
samples and estimates of vegetative composition were collected at 14 
sites. These, plus eight rurren samples ct11ected from hunter kills during 
August 1970, were used to compare methods of rurren analysis and fecal 
analysis with the other conventional techr.iques used in this study. 
; .-
Of the methods used, the microscopic technique, as described 
in this study, provided the most accurate and efficient method of 
al'!~'yzi~g ?!"IJ!'!ghcrn rumen samples. ~c::a1 ana1yz15 re5ults compared 
favorably to the other methods used. Th, known diet study indi cated 
that differential digestion of epiderma l fragments may occur under certain 
conditions. 
(118 pages) 
; 
-INTRODUCTION 
To maintain game animal populations at levels which will sa tisfy 
the demands Gf society. biologis~s must be able to provide and manage 
suitable hab itats for these animal s. Availability ·of suitable forage i , 
one of the most "importa nt cr i teria used in habitat evaluation and 
management. In order to determine what species and cl asses of forages 
are being utilized by game anima l s and the nutritional adequacy of these 
speci es , it i s necessary to first evaluate diet composit ion through food 
habit analysis . 
Many methods of analyzing the food habits of game animals have 
been devi sed. One of the most "idely used methods is rumen sample 
analysis. This method usually requires the sacrificing of an an ima l to 
obtain a sample. Rumen content analysis may yield a biased estimate of 
dietary com~osition due to t he variabi lity in the digestion and dis-
appearance rate of the different forages consumed . Methods of analyz ing 
rumen samples are relati vely simple, but are time consuming and tedious. 
A yood reference collection of the flora available to the animals is 
vital to any rumen analysis procedure. 
Site examination and use of protected plots also have been used in 
an attempt to determine dietary components, but these methods at best 
only approximate animal diets. Ocular esimates are ~ ubject to individual 
error and personal biases. Some trai ning is necessary prior to estimat-
ing graz ing use. Protected and unprotected piots are affected by biot,c 
lnfluences. The abi lity to distinguish ur, by different species of 
herbivores may cause variations in results . These methods are probably 
most usefu l where forage-use trends are n~~ded for general management 
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purposes or to supplement more objective studies of diets. 
Direct observations to determine rum)nant diets al so have certain 
drawbacks . With wild ruminants, .t.hE' (lh"~!'vf;:'r often has difficulty in 
approachinq animals and in observing theri for prolonged feeding per;od-;. 
If the species under study are not abundant, the researcher may have 
difficulty in locating anima'ls to obs erve·, Since most wild ruminants 
move about while feeding, obstructions to vision may res~~t in errors 
in identification of the plant being eaten. An advantage of this 
technique is that it is relatively inexpensive, but it has limited 
application. 
Fecal analysis, a p~om;sing technique, may have certain advantages 
over conventional methods used to determine ruminant diets. Since 
fecal samples can be easi ly obtained without intensive animal obser-
vations, the topography of an area does not hinder a food habit study. 
This method does not interfere with the normal feeding habits of an 
animal, as may occur with the use of other conventional methods. It 
imposes no restriction on the movements of animals and may ~e useful in 
determining the food habits of rare or endangered ruminants since it is 
not necessary to sacrifice the anima ls to obtain rumen samples. The 
laboratory techniques used in rumen analysis may also be tedious and 
time consuming. The method depends upon the collection, preparation 
and familiarity with a series of epidermal reference slides of forage 
utf1i!~d, and it is !1ct fully understood whether different plant speci~s 
are digested at differing rates or to what degree such differences 
may affect estimates of diet compos i tion. It therefore seems worth-
while for . the student uf food habits to investigate the possibility 
of substituting fecal analysis for more conventional methods. 
. Pronghorn antelope inhabit many desert areas of Utah and provide 0 
useful situation for the evaluati on of the fecal analysis method. They 
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are relatively sc~rce and difficult to obs erve for prolonged periods in 
these deser~ areas. To efficiently manage , and possible increase, pro~g­
horn population, l evels it i s necessary to evaluate their dietary require-
ments and determine whether the available forage resource may be limiting 
populations in Utah's desert. Feca l analysis, possibly could provide a 
useful method of diet determination, and thus aid in the management of 
this and other important game animals. 
The primary objectives of this study were to: 
1. Evaluate fecal analysis, rumen analysis and feeding site obser-
vations as methods for obtaining quantitative estimates of antelope 
diets. 
2. Evaluate the microscopic, gravimetric, and point frame methods 
of determining spec ies composition of rumen samples. 
3. Determine if the epidermal fra gments of various plant species 
. . 
are digested differentially during passage through the digestive sys tem 
of an animal. 
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REVIEW OF LITERATURE 
Rumen Analysis 
Rumen analysis has been the most popular method for determinatior 
of the food habits of game animals. Chamrad and Box (1968), Korschgen 
(1962), and Lovaas (1958) represent only a few researchers who have used 
this method to determine deer diets. Bergerud and Russell (1964 ) and 
Scotter (1967) used it with woodland (Rangifer caribou) and barren1and 
caribou (Rangifer arcticus) . Cole (1 956 ), Yoakum (1957), Cole et a1. 
(1958), Ti1eston and Yeager (1962), H1avachick (1966), Severson et a1 . 
(1967), Bayless (1969), Beale and Smith (1970) and Mitchell and Smo1 iak 
(1971) used rumen analysis to study diets of antelope. Recently, Follis 
and Spillett (1972) have described a method for obtaining rumen samples 
from live animals uSing a trochar to ga in non-permanent entry into the 
rumen. This 'method has the advantage of not requiring the sacrifice of 
the animal s, but it is sometimes difficult to get a representative sample. 
Norris (1943) cited the 1imitaHons of rumen analysiS as a method for 
obtaining quantitative estimates of forages consumed. He found succulents 
such as alfalfa were digested more readily and passed out of the rumen 
more rapidly than did coarse forages such "S straw. 
There are three basic methods for analyzing rumen contents . Dirschl 
(1963) used a. percent-by-weight method. A sub-sample of the forage con-
tent of a rumen is segregated into species or forage classes and weighed. 
The oven-dried weight of each species ove' the total oven weight of the 
sample results in a percent by dried weight. Other researchers, Scotter 
(1967), have also measured the volume displaced by rumen components in 
order to measure percent composition. Chamrad and 80x (1964) adapted 
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the point-frame botanical analysis method to analyze rumen contents of 
white-tailed deer . Their sampling device consisted of a frame containing 
five hat pins placed at a 45° angle through a wooden bar. This was 
mounted on a!1 enameled tray in which a rw"en s'ample was evenly spread. 
From their research on actual rumen samples and on artifical samples, 
they found that the point analysis gave reliable results, provided the 
rumen si'.mple was adequately ffijxed and there were no large items with 
unusual surface texture in the mixture. 
All three meth ods of rumen analysis: (1) gravimetric, (2) volumetric, 
and (3) point frame. have been compared by Coblentz (1970), and Robel and 
Watt (1970) . In terms of time spent, both concluded the point frame 
-
method was the most practical . However. if composition by species or 
genus is desired. the .number of points needed to obtain significant data 
would be much larger than the usual 100 pts; per sample used to obtain 
forage-class composition. Coblentz (1970) found the point frame method 
was approximately three times as "fast as the other two methods. Compar-
ing the gravimetric and volumetric procedures, Scatter (1967) concluded 
that the gravimetric measurements had several advantages over volumetric 
procedures. He felt that it was more rapidly determinable and more 
closely related to forage production, utilization and nutritive figures 
since these values are usually expressed in terms of air-dry weights. 
A number of methods have been used to segregate materials in rumen 
contents. Some workers separate the coarse items, usually on a 5.66 mm. 
sieve and d'1 not use ·the fine materials (!lirschl, 1963; Cole and Wilkills, 
1956). Other workers measure the mass of finer items and relate the 
propp~tion of coarse identified material to this quantity, assuming that 
the fine mut~r ia1 ~~ made of the larger item~ in the same relative 
6 
amoonts (Norris 1943). Bergerud and Russell (1964) and Scotter (1966) 
have criticized estimation of ruminant f ood habits studies based on the 
larger, grossly identifiable fragments, believing that these were not 
representative of the entire rumen contents because of differential 
digest ion among plant groups. Oirsch1 (1962) sifted antelope rumen 
material through 5.66, 4.00 and 3.83 mm. sieves and found little dif-. 
ference in the mean diet compositions. The use of larger mesh sizes 
saved considerabl e time. Casebeer and Koss (1970) agreed with the 
findings of Oirsch1 (1962). Thus , it would seem that the degree of 
segregation needed would depend on the forage composition of the rumen 
and the degree of accuracy desired by the researcher. 
The microscopic analysis of rumen and esophageal samples to deter-
mine animal diets was first evaluated by Sparks and Ma1echek (1968). 
They found they could determine the percent composition by dry weight 
of an artificial diet from the relative density of recognizable epid-
ermal fragments on a microscopic slide. A similar method has been used 
by Brusven and Mi1kern (1960) to determine the species composition of 
grasshopper crops. Other workers who have used the microscopic tech-
nique include Flinders (1971) and Sparks (1968) ·on jackrabbits; Hard 
and Keith (1962), and Myers and Vaughan (1965) on pocketgophers; 
Hoover (1971) on pronghorn antelope and domestic goats; Hansen and 
Uechert (1970) on Richardson ground squirrels t Mormon crickets t and 
six species of grasshoppers; Field (196B) ·on hippopotami and five 
other African herbivores; Ma1echek (1966) .nd Shumway et 01 . (1963) on 
cattle; Krueger (1970) on sheep; and TheU-ord et 01. (1971) on cattle 
and sheep. The microscopic method of analys i S has the advantage 
of enabling a researcher to determine diets from diet compor.-
--
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ents upon which gross physical vegetative characteristics obliterate. 
Once one becomes familiar with the ep idermal characteristics of each 
species this technique is much more rapid and less tedious than the manual 
sorting of components. One disadvantage of the microscopic technique 
may be the inab ility of the researcher to distinguish the di fference 
between the epidermal characteristics of closely related plant species. 
Feedill:::J Site Examinations 
Feeding site examinations have been used extensively, either alone 
or to supplement direct methods, by food habit researchers. Cole (1958) 
and Beale and Smith (1 970) used random observations on feeding s ites to 
determine pronghorn antelope diets. Lovaas (1958), Korschgen·(1962) and 
Chamrad and Box (1968) also used feeding site observations t o study deer 
diets. Hibbs (1967) used utilization transects ·on feeding sites to det-
ermine the diets of mountain goats. Oirsch1 (1963) stated l ow pronghorn 
population densities and the. extensive use of pronghorn ranges by 1 ive-
stock rendered plant utilizat ion plots impractical. In other other 
areas researchers have reported their inability to distinguish differ-
ential use of forbs and browse by different s pecies of herbivores. 
Fecal Analysis 
Fecal analysis is a technique whi ch, although not used extensively, 
" sh(j~'JS promise for anal yzing diets of game" animals. A number of workers 
have explored the potential of fecal an,lysis as a method of determining 
forage intake . Ousi (1949); Martin (1954); Croker (1959); Hercus (1960); 
Storr (1961); Williams (1962) ; Killey (1966); Zyznar and Urness (1969); 
Stewart (1967); Free et a1. (1 970); Wa,'u (1970); Casebeer ar.d Ko$S (1970); 
~ .. ----------------------------------- -- ----
Slater and Jones (1971); Hansen (1971) have conducted research on the 
fecal analysis method, although primarily with herbivores whose major 
dietary components were grass and grass-like plants. 
8 
The histological approach to analyzing epidermal fragments in fece, 
was first used by Dusi (1949) to study food habits of rabbits. He 
adapted a technique first used by Baumgartner and Martin (1939) to analyze 
squit'rel stomach contents. Martin (1955) attempted to determine the diets 
of Scottish hillsheep by epidermal fragment analysis. Croker (1959) used 
fecal analysis in an attempt to analyze quantitatively the diet of sheep 
feeding on the tussock grasslands of New Zealand. In an attempt to 
quantify the diet of sheep in New Zealand, Hercus (196D) identified and 
counted the number of fragments of each epidermal pattern.. Some variations 
in the total count per unit volume on duplicate samples were found, because 
the fragments of the epidermis were not of even size or shape. In order 
to estimate quantitative diets, she felt it necessary to relate amount 
of epidermis in the feces to the actual amounts of each plant species 
eaten. 
Storr (1961) used the fecal analysis technique to . determine diets 
. of kangeroos. Captive animals fed known diets showed no Significant 
digestion of epidermis that is encased in the cutin, and there appeared 
to be definite relationship in each species of plants between the surface 
area and the dry weight of utilized forage. 
Stewart (1967) studied the potential of the fecal analysis tech-
nique for ~"alitative and quantitative ",alysis of diets by feeding 
known quantities of grasses to seven animal species --- six ruminants 
and one non-ruminant. When grasses fanned more than 5 percent by fresh 
weight of a constant diet they can b~ identified i~ the feces. NO 
.' 
9 
information Has presented on grasses forming less than 5 percent of a 
constant diet. Three methods for quantifying measurements of the area 
of the epidermal fragments were used: pOint quadrats count, frequency, 
and total epidermal fragments. Counts of total fragments were found to 
be invalid for this purpose, since different grasses break into fragments 
differi ng significantly in siie; also ther~ was variable digestion of 
leaf surfaces for some spec ies of grasses and significant differences 
occurred in the degree of epidermal digestions among the species of 
animals fed. It was concluded, s ince the major constituents of the diet 
could be identified in the feces, quantitative data on a frequency basis 
indicating the relative importance of different species in the diet could 
be obtained . Zyznar and Urness (1969) fed known quantities of shrub and 
. ././ 
herbaceous plant species to c,,:ptive mu l"and whitetailed deer. They were 
unable to identify more than a small percentage of the fecal material 
examined and concluded that the technique had limited promise as a 
quantitative means for determining diet composition. 
Free et 01. (1970) collected forage samples from esophagea11y 
fistu1ated steers and ,fed the samples to sheep. The fecal samples from 
both steers and sheep then were collected and analyzed . Only small 
differences occurred in the estimates of the mean percentages of dry 
weight by species of grasses found in the esophageal samples from the 
steers, the fecal samples from the steers, and the fecal samples obtained 
from the sheep. They concluded that perennial food plants forming more 
than 5 percent of the diet can be identified and quantified by the ana l -
ysis of 100 fields of a microscope at 125 power magnification using 
known techniques for analyzing feces of herbivores. 
Hansen (1971) fed diets composed of 00, SO, 96 and g; percent grass 
>" 
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and grass-like plants to sheep wethers for fecal analysis verification. 
He found very close agreement between the d"iet fed and the fecal estimate 
of the diet. Casebeer and Koss (1970) compared techniques for determining 
food selectivity among wildebeest, Kongi, and cattle at four seasons 
during one year. They found the feca l and stomach content analyses 
provided similar results when the diets were composed almost entirely of 
grasses. 
Slater and Jones (1971) and f1arshall (1969) have warned researchers 
of the difficulties arising from the use of "microscopic fecal analysis in 
the quantitative assessment of herbivore diets. Slater and Jones' (1971) 
results indicated that white clover in quantities up to 20 percent of the 
diet of sheep did" not show up in the feces . This indicates the epidermis 
and cutin were completely digested or altered sufficiently so as to render 
" 
clover unrecognizable . In this same study, a grass species (Setaria. 
sphacelata) compri sed 27-38 percent of the di et for three heifers. .Yet, 
fecal analysis estimates yielded composition data of only 1 - 4 percent. 
This was not due" to the lack or "breakdown of grass fragments, but the 
excessive fragmentation of the epidermis of the legume Siratro \"/hich 
also was fed in the diet. The excessive fragmentation of the legume 
caused a rather large over-esti mate of the legume composition of the 
diet, while depressing the est;~ted proportion of grass. These results 
indicate two factors which affect tho accuracy of the fecal analysis 
tecimique: (1) the degree of digestion of different species in the 
digestive process, and (2) the extent of fragmentation of the epidermal 
fragments. 
I DESCRIPTION OF THE STUDY AREAS 
The field portion of the study was conducted at the Desert 
Experimental Range of the Intennollntain Forest and Range Experimp.nt 
Station, U. S. Fores t Service, west of Mi1ford in southwestern Utah 
(Figure 1). 
For the purpose of studying forage use and productiv ity of prong' 
11 
horn antelope. the Utah Division of Wildlife Resources confined a small 
herd of pronghorn by fencing 10,000 acres of salt-desert shrub range in 
1961. The enclosed area, conta ining approxfniately 35 - 40 head of prong-
horn, was used for my study. 
The enclosure is situated at an elevation of 5,200 to 6,400 feet 
above sea level . Topographically the study area is characterized by 
long alluvial fans, cut by shal low drainages which extend from the higher 
elevations t) the valley · lowlands. Above the alluvial fan is an area of 
steep slopes and below it a small area of lacustrine sediments. The area 
is fairly representative of most intermountain va ll eys found in centrdl 
Nevada and Utah. 
The vegetation cons ists of the various communities associated with 
the salt-desert shrub comp lex as described by Shantz (1925) and Hutchings 
and Stewart (1953). The major communities found in the enclosure were: 
shadscale-grass, shadscale-winter fat, black sagebrush-shadscale-grass, 
winterfat and some overs tory of pinyon and jun iper. The major shrub 
species found in communities within the enclosure were: shad~cale 
~trlplex conrertlEoliaj. little rabbit brush (Chrysothamnus s t enophyllusj, 
. winterfat (Eurotia lanataj I and desert al mond (Prunus Easciculataj. 
Associated with the numerous sha ll ow drainages which dissect the area 
... 
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are such shrubs as desert almond, big rabbit brush (Chrysothamnus 
nauseosus), and ~1ohave bri eke ll i a (Bric~ellia oblongifolia). 
Forb abundance and producti vity is closely linked with effective 
spring and summer precipitation. This is especial ly true fo r the numerous 
annual forbs found in the encl osure. Some of the more numerous annual 
and perennial forbs in the area are globemallow (Sphaeralcea grossulariae-
folia), \'/ildbuch/heat (Eriognum spp.) , and Russian thistle (Salsola kali). 
Of secondary i mportance are forbs such as lambs-quarters (Ch"enopodium 
album), pepper grass (Lepidium montanum) and wildflax (Linum lewisii) • 
• 
Dominant grasses are Indian ricegrass (Oryzopsis hymenoides) , gal 1eta 
(Hilaria Jamesii) , sand dropseed (Sporobolu5 cryptandrus), and squirrel 
tail (Sitanion hystrix). 
Climate on the study area is characteristic of the cold desert 
areas of central Utah and Nevada. Precipitation is sparse, humidity i : 
low, and seasonal range of temperature is wide. In mid-summer, daytime 
temperatures frequently reach 95°F, while it is not uncommon for mid-
winter temperatures to be -20°F. Oaytime average highs in summer are about 
85°F and nighttime lows are about 50°F, winter daytime highs average 42°F 
"and nighttime lows average about 13°F. " Precipitation is extremely vari -
able, usua ll y coming in the form of rain thunderstonms in July and 
August and some snow during the winter months. Snow makes up about 40 
percent of the ann ual precipitation, but u~ually does not exceed 
accummulated depths of 6 inches. Total annual average ~rec;pitaticn is 
between 6 and 7 inches. The amount of e".·fecti ve preci pi ta ti on is 
related closely to seasonal distribution. Most of the fall and winter 
precipitat ion is retained in the so;l and is used by forage plants in 
spring. Much of the summer precipitation comes as torrential ~tc:ms and 
14 
1s lost as surface runoff. Low annual precipitation is the chief limit-
ing factor to forage production in the area . 
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Fiaure 2. Genera l view of study site, Oesert Experi~n tal Pange, 
Mil ford. Utah . 
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r1ETHODS 
Collection of Fi eld Samples and Data 
Preliminary investigations into methods and techniques began in 
June 1970 . Collection of samples and data commenced in July 1970. During 
the latter part of each month from July until November 1970, and in April 
and June 1971, two male pronghorn ante lope "ere collected for fecal and 
ruroon samples. Before collection the pronghorns \<Jere observed to deter-
mine areas of utilization and feeding concentration. Once the feeding 
sites were established, the vegetation was examined to determine which 
species of forage were being used. To aid in utilization assessment~ 
the tracks of individual animals were 'fo11 owed and the species which had 
been cropped noted. A site estimate of the percent composition of the 
diets was marie for animals using a particular feeding site. 
When a site estimate was completed, two animals from the group 
using the site were selected and sacrificed. Sometimes it was not pos-
sible to obtain two animals on the same feeding site, so another site 
was evaluated and an animal take." from it. Fresh fecal material was 
collected on the feeding sites. Plants thou9ht to occur in the prong-
horn diets were also collected from the sites and stored in a solution 
of forma1dhyde, acetic acid and alcohol (F.A.A.). 
Rumen contents were removed and washed through a 4.00 mm screen, 
as described by Beale and Smith (1970) and Dirsch1 (1962). A sub-sample 
of the thoroughly mixed and washed rumen :ontents was then frozen. FecJl 
samples were taken from the rectum of sacrificed animals, frozen and 
stored in paper bags. Due to the limited number of animals that could 
be sacrificed, rumen contents of pronahorn antelope collected near the 
__ qt 
Desert Experimental Range during the August 1970 and 1971 units were 
used for parts of the study. These rumens also were processed as pre-
viously described. 
Comparison of Preparati on and ~nalY~is of Microscopic Materials 
17 ' 
Several methods of mic~oscopic analysis of rumen and ~ecal samples 
were compared. I desired to find a technique which would provide a 
rapid method of sample preparation as well as reasonably clear and 
easily recognizable epidermal fragments. Methods described by Cavender 
and Hansen (1970). Williams (1969) and Storr (1961) were investi gated. 
The method used during this study was an adaptation of several techniques 
(Appendix B). 
Two methods of determining diet composition by microscopic ana lysis 
were compared. An artificial "diet was compounded of species found in the 
diets of the pronghorn antelope on t he study area . This diet was ground 
and prepared as described in Appendix B. Sixteen slides of each diet 
were analyzed. first using the field method described by Cavender and 
Hansen (1970) and then reanalyzed using the microscopic point technique. 
The techniques described by Storr (1961). Wil l iams (1969) and 
Cavende'r and Hansen (1970) generally were found to be inadequate . too 
complicated, and too time consuming for preparation of reference mater-
ials and of ground rumen samples for microscopic analysis. The techniques 
desc,ibed by Cavender and Hansen (1970) were found to be unsuitable for 
most of the forb species comman in the study areas. It was difficult to 
distinguish epidermal characteristics of forbs USing the technique. 
However, this was not a problem with grasses, due to the heavier s ilifi-
cation of the cell walls as compared to those of forbs and shrubs . 
I 
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Because of relatively thin cell walls in fQrb and shrub leaves, it was 
necessary to use a staining process to better distinguish their epide~a l 
characteristics. The clearing solution used by Cavender and Hansen (1970) 
did not clear· the chlorophyll well from the epidermis of forb and browse 
species. Generally, the methods outlined by Storr (1961) and Williams 
(1969) were too involved and time consumin9 as compared to the method . 
which I developed (See Appendix B). 
It was found that acid digestion with 10 percent 1 :1 chromic and 
nitric acid for 12 hours at room temperature or boiling for a 10 minute 
period adequately cleared the epidermis of the chlorophyll and mesophyll. 
Staining the epidermis aided in distinguishing the cell walls of forb and 
shrub epidermis under 100 X magnification. Stains of safarrin-O and 
crystal violet were prepared according to Johansen (1940). Staining with 
two series of sta ins was found to be advantageous in identificati on of 
different species, due to differential staining. 
Most researchers have used what is known as the "field method" t 
determining the presence or absence technique of epidermal fragments 
within a microscopic field as a basis for obtaining frequency and/or 
density (Cavender and Hansen 1970). This then is converted into relative 
density and related to dry weight composition. The conversion of fre-
quency to density is done by using a table developed by Fracker and 
Brischle (1944). From preliminary investigations on rumen samples from 
known pron9horn diets, I found the table to 9ive an overestim,te of those 
species which comprised a major part of a sample and an underestimate o~ 
those species comprising a minor portion of a sample. A crosshair in 
the ocular of the microscope, then, was used as a moveable point in order 
to obtain better resul ts. 
~r_E 
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Rumen Analyses 
Rumen samples were analyzed by thrEe methods: (1) point frame, 
(2) gravimetrir: annl ys is , nnd (3) !11iCl"05Cflr' ic point anal,rs is. The p~rt::':!: r.t 
species comnosition of the samples "and the time required to obtain the 
species composition of the estimate was recorded. A reference collection 
of plants found on the study s ite and their epidermal characteristics 
was made prior to any analysis (See Appendix B). When a complete 
reference collection of plant epidermal fragments was establis~ed, the 
various characteristics of each plant species were studied, sketched and 
photographed. Photomicrographs were obta ined with a 35 1lI1I. MinoHa, 
single-l ens reflex camera attached to the triocular access tube on a 
Bausch and Lomb compound microscope. High speed color or black and white 
film gave satisfactory photomicrographs of various epidennal characteris-
tics used to distin9uish plant species. 
Point frame method 
In the first phase of the rumen analysis a 15 gm sub-sample of 
thawed rumen materia l was spread evenly across a special laboratory 
tray as desc ribed by Chamrad and Box (1964 ) . With a plastic frame and 
fiYe hat pins, 100 points were taken along the length of the pan. The 
frame then was reversed and an additional 100 points taken. The rumen 
sample was remixed, spread across the bottom of the tray, and another 
201., poi nts taken as descri bed preyi ous 1y . Thi s proyi ded 400 poi n ts per 
rumen samp12. Only those species which the pin actually encountered in 
its downward path were recorded and converted to percent composition by 
frequency. 
Po' .. 
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Gravimetric method 
When the pOint frame analyses were completed, the rumen samples 
were placed in a container and oven dried at 60°C. The oven-dried rumen 
samples then were manual ly segregated into species components , weighed, 
and the percent composition calculated. 
Microscopic point method 
After the gravimetric analyses were completed, rumen samples were 
ground through a 40-mesh sieve. This material then was prepared ~n a 
fashion similar to the reference material (See Appendix B). I,ith rumen 
sample material, it was much more critical to spread the mat.erials evenly 
across microscopic slide in order to ensure a proper and random distri-
bution of epidermal fragments. The samples on the slides were covered 
with 22 X 40 mm cover slips. All air bubbl es were removed from under the 
cover slips, and the slides were oven "dried at 60°C. Four slides were 
made from each sample. The slides were examined at 100 X magnification 
under a Bausch and Lomb compound-binocular microscope with a monocular 
stage . One ocular had a cross-hair disk, which served as a stationary 
point. Five evenly spaced transects were run the length of each of the 
four slides from each rumen sample (Figure 3). All species intersected 
by the cros shair were recorded and converted to percent frequency. 
15 
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Figure 3. location of microscopic transects on a slide for analysis 
:, f f requency of epi derma 1 fragments 
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Feca 1 Anal ys i s 
Fecal materials collected on the stl·dy area were air dried, while 
sa"mples r.nllpr:ted during the knO\'n; diet f"'!'!dir.g~ ~':ere oven dried at lCCnC. 
Samples wero ground through a 40 mesh scrrfn with a Wiley mill; 5 to 10 cc 
sub-samples of ground fecal materials were prepared (See Appendix B) with 
the exception of the staining ,procedure. lhe fecal materials already 
were stained by the digestive processes of the animal, and the epidermal 
fragments in the feces resisted staining "somewhat. Slide preparation and 
analysis procedures were identical to those used for rumen materials. 
To avoid biases with the microscopic analysis due to unconscious 
correlation of one sample to another , I analyzed the samples in this 
order: first, rumen samples; second, intestinal fecal; and last, site 
fecal samples. Samples were selected randomly , in an attempt to avoid 
bias. 
Known Diet Study 
To better obtain the study objectives, a known diet investigation 
also was carried out . Because of a lack of suitable captive pronghorns 
for thi~ part of the study. a yearling male and female mule deer were 
used. Both were confined in separate sheds at the Utah Division of 
Wildlife Resources' pens near logan, Utah. No forage, except that which 
was offered, was available to them. Diets made up of fresh, hand-clipped 
forage of kr.uwn weight composition and consisting of dissimilar species 
were fed to these animals for a two-week period. Forage samples were 
taken several times, oven dried and weighed to obtain dry matter intake . 
The first week was used as a conditioning perinrl; in the second, a prec~se 
estimate of the daily intake of each plant species fed was obtained. 
· . 22 
Fecal pell ets "ere col l ected in the morning and evening for six days . 
The feca l pellets were stored in paper ba95 unti l analyzed. A compari son 
was made bet\/een the percent composition of the percent dry matter i ntake 
and the es t i rna t ed pe rcen t dry matter i ntare as i ndi ca ted by feca 1 samp 1 ~s 
coll ected 48 hours after ut il ization occurred. 
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RESULTS AND DISCUSSION 
Compari son of Microscopic Ana l yses Methods 
A comparison of the f ie ld method verSuS the microscopic point .method 
on two artifici al diets (Tab)e 1) showed the microscopic point method 
estimated the known compos ition of the artificial diets, us ing 'a direct 
re 1 at; cnshi p bet\'lee~ frequency and dry wei ght compos i ti on, ,as we 11 or 
"etter than the fi eld n~thod. The microscopic point method also makes 
unnecessary use of the conversion table deve loped by Fracker and Brischle 
(1944) . Use of the table i s only valid if one assumes random distribution 
of epidermal particles across the microscope s l ide, and uniform particl e 
. 
size. The microscopic point -method also eliminates the calculation of 
relative density. The mean standard error for the two artificial diets 
was 0.55 for the intersection method and 0.84 for the field method . A 
paired t-test between the means of microscopic pOint method (Appendi x 0-1) 
versus the means of field method (Appendi x 0-2) showed no si gn i f i cant dif-
ference (P > ·05) between the two methods for any of the species comprising 
the two artifical diets. This preliminary in vestigat ion, the results of 
which were verified by Ward (1970)1, led me to conclude that the micro-
scopic point method could be substi tuted for the field method of analysis. 
Therefore, all rumen and fecal samples col lected were anal yzed by the 
microscopic poi nt meth·od. 
1 . 
Ward. A. l. , 1972 , Personal corrmunication, Utah State University, 
Logan, Utah 
.' 
• _ , . _. A ' 
, Table 1. Percentage composition of artificially compounded antelope diets as determined by 
two microscopic methods compared to actual composition. 
Artificial diet I 
Control Microscopic point Field method 
Penstemon nana 22.00 23.01 + 1.14 25.09 + 1.63 
Artemisia nQva 22.00 22.36 + 0.87 23.15 + 1.70 
Poa pratensis 22.00 22. 16+ 1 .24 21. 76 + 1.30 ' 
Prunus fasciculata 22.00 22. 13 + 1. 34 21.18 + 1.80 
Euphorbia ocel l ata 12.00 10.55 + 0.48 9. 19 +1.11 
-------------------------------------------------------------------------------------------
Artificial diet II 
Juniperus osteosperma 20.94 22 .30 + 0.91 23.24 + '1.82 
Gutierrezia sarothrae 20.94 21.35 + 1.33 20.46 + 1.28 
Artemisia splnescens 20.94 19 .42 + 0.83 17 .86 ~1. 80 
Sal via carnosa 20 .94 21. 92 + 0.96 21.43 + 1. 76 
oryzopsis hymenuides 16 .23 15 .00 + 1.02 17.1 8+1.67 , 
N 
.. 
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Characteristics of Dese rt Plant s in Diets of 
Pronghorn Antel ope 
Determination of the botanical composition of animal diets by the 
microscopic analysis techn ique, whether based on rumen, esophageal, hand-
plucked, fecal or other compos ite sampl es , rests on the assumption that 
each plant speci es has a unique epidermi s . This assumption has been well 
documented for grasses, but little information is avai l able for other 
kinds of plants. 
In general, the ce lls formi ng the epidermis can be described by 
the; r shape, s i ze, thi ckness of eel 1 \'Ia 11 s and the inc 1 us i cns occurri ng 
within them . Elongated epidermal cell s often are found on such structures 
as stems, petioles, vei n ribs and leaves of most grasses . Figure 4 
ill ustrates the e1 onga ted ce 11 s of Indi an ri ce grass. Ce 11 s of forbs are 
usually polygonal in shape and have many ~re sides than do grass cells 
(Figure 5). The shape of the epidermal cell s sometimes may be related 
to differences in position on the plant. The epidermis on the petioles 
. 
and stems of desert almond is much thicker and covered with many tri-
chomes as compared to the epidec.,.is on the leaves (Figures 6 and n. 
Size of epidermal cells can be a diagnostic characteristic for 
identifying plant spec ies. Epidermal cell walls can vary in thickness 
and shape. Cell walls of species such as ephedra (Ephedra nevadensis) 
and juniper (J uniperus osteos perma ) were found to be much thicker than 
most species observed (Figures 8 and 9) . Epidermal cell walls were 
observed to Je str'aight, curved or undu l ating. The undUl ating, compact 
cell walls are primari ly restricted to grasses (See Fi gure 4). 
Trichomes, which are hair-like epidermal appendages, are diverse 
in form and structure and can be used as another diagnostic feature. 
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Figure 4. Oryzopsis hymenoides l eaf epidermis X 100 
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Figure 5. Hermidium alipes leaf epidermis X 400 
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Figure 6. Prunus fasciculata 1eaf epidermis X 400 
Figure 7. Prunus fasciculata stem epidermis X 100 
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Figure 8. Ephedra nevadensis stem epidermis X 400 
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Figure 9. J uniperus osceosperma leaf epidermis X 100 
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Many different trichomes were observed in the desert forb an d shrub 
speci es encountered. Si ngul ar hairs such as the trichomes found on 
Penstemon nana and Russian thistle. stel late hai rs such as on scarlet 
. 
gl obema ll ow, :nulticellular hairs common to sllakeweed (Gutierrczia sarottrae) 
and pel1ate hairs associated with shadsca le (Atriplex confertifolia) are 
illustrated on Figures 10 to 14 respectively. Although trichomes differ 
in size, shape and morphol ogy from pl ant species to pl ant species and are 
fai rl y common on desert spec ies, it was found that many were deciduous . 
This was especially evident in feca l material. It was found that the 
separation point of the trichome on the epidermi s could be used as a 
diagnostic characteristic when this occurred due to the digestive pro-
cesses. Figure 15 shows trichome separati on points useful in the identi-
fication of globemallow found in rumen and fecal samplesi similarly 
such separation points were also found useful in the iden t ifi cati on of 
penstemon. 
For certain species, the arrangement of stomata and accompanying 
guard cells is c'haracteristic and can be used i n i dentifi cation. For 
example, juni per has distinctive large guard cells wh ich are arranged in 
parallel rows (Figure g). 
In certai n species the stomata disappeared during the digestive 
processes, although in ephedra and juni per, stomata were present in t he 
epidermal fragments after digestion. Certain unique glandular structures . 
'such as those found in the sagebrush speCies (Figure 16), were found to 
be a useful diagnostic characteristic . 
Staining of all rumen sample preparations led to difference in 
stain intens i ty and col or wh ich \-/ere found to be usefu l for identifying 
plant epidennis. Some species such as Rus-!:ian thist l e stained poorly. 
• 
Figure 10. Penstemon llana leaf ep idermis X 100 showi ng unbranched 
tri.chomes 
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Figure 11. Salsola k ali var. tenuifolia on leaf epidermis X 100 
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Figure 12 . Sphaexalcea grossulariaefolia trichomes on leaf epidermis 
X 100 
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Figure 13. Gutierrezia sarothrae trichomes on leaf epidermis X 100 
showing two different types of trichomes 
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Figure 14. Atriplex conferti Eolia trichorre X 100 
Figure 15. Sphaeralcea grossulariaeEolia trichome separation pOints on 
leaf epidermis X 400 
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Figure 16. Artemisia nova le af e pidermi s X 100 
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Fi gUn! 17. Salsola kali var. tenuiEolia leaf epidermis X 100 
34 
; ,. 
• while others such as ephedra stained vividly. 
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Comparison of Method of Analyses 
Time required for sample analysis 
The gravimetric technique was faun:! to be the most tedious and ~' ;me 
cbnsuming of three methods of rumen analysis tested. The rather lengthy 
average time required to analyze a sample by this technique t 101.28 minutes, 
was related to several factors . If one compares time per rumen sample as 
tabulated on Table 2 and numbers of species identified using the gravi-
IOOtric method (Table 3), there appears to be a relationship between the 
time required and the number of forage species in the sample. 
Species composition was also related to the time required to 
completely segregate the particles in the rumen samples. Small forbs, 
such as spurge (Euphorbia ocellata) were difficult to segregate from a 
sample because of the minute size of leaves and stems. Rumen sample #15 
(Appendix F-15), for example, required 140 minutes to segregate. Only 
eight species- were identified with spurge accounting for more than 50 
percent of the sample. 
Physical conditions of the forage species found in a rumen sample 
also affect analysiS time. If the plants had been heavily masticated and 
partially digested, more time was required to identify them. Also, if 
the sample contains closely related species (or species of similar 
mOrphology), the time required to segregate the sample is increased. 
For examp 1 (: , ; twas someti mes di ffi cul t to di 5 ti ngui sh rabbi t brush 
(Chrysotha~us spp.) from snakeweed (Gutierrezia sarothrae) , desert 
almon.d leaves from spurge (Euphorbia ocellata) , and wild buckwheat 
(Eriogor.um spp.) from penstemon. 
....... k4N:iUA¥ $ 2li q J& a .. 5 _ad & is • 
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Tabl e 2. Ti me in minutes requ i red to analyze ru men and feca l samples 
Sample 
number* 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
Mean 
Mean 
Total 
Mi c'oscopi c 
point 
36 
30 
32 
32 
32 
35 
36 
34 
33 
33 
28 
32 
36 
40 
32 
36 
28 
32 
28 
31 
33 
33 
32.8 
+20.0** 
52 .8 
Rumen samp les 
Point 
frame 
SO 
75 
90 
65 
60 
50 
65 
51 
55 
46 
37 
38 
55 
59 
47 
41 
32 
39 
34 
41 
32 
33 
51.1 
Gravi!l1etric 
105 
97 
115 
100 
105 
107 
125 
110 
106 
85 
77 
103 
115 
105 
140 
107 
86 
127 
. 73 
86 
76 
81 
101.2 
* Samples 15-22 collected from hunter kill 
fecal samples 
Intestinal Site 
feces . feces 
50 62 
41 44 
41 36 
40 41 
34 46 
38 34 
48 46 
37 32 
39 45 
42 35 
37 39 
38 40 
48 48 
50 47 
42 .5 41.6 
+20.0** +20.0** 
62 .5 61.6 
•• Approximate preparation time for microscopic slides 
~ -
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Table 3. Number of species identified using six methods to estimate 
pronghorn antelope diets on the Desert Experimental Range 
1970-1971 
RU,men samples Fecal sampi es Vegetatilrn_ 
! 
! Sample Point Microscopic Intestinal Site Site 
• , 
number** frame . Gravimetric poi nt feces feces estimate i 
, 1 9 9 10' 9 8 6+ 
I 2 6+ 8 8 7 8 7 3 6+ 7 8 8 9' 9 4 7 8 8 7 7 7 
, 5 7 7 7 8' 6+ 6+ 
I 6 7 8 8 9' 6+ 6+ 7 8 10 11' 9 8 7+ 
8 7 8 8 8 6+ 7 
9 6 6 7 8' 6 5+ 
10 6 6 6 6 4 3+ 
11 7 8 7 9' 4+ 4+ 
12 9 9 · 12' 10 7 5+ 
13 10 13 13 10 8 4+ 
14 11 14 15' 12 11 6+ 
Total 106 121 138 120 98 82 
15 7+ 8 10' 
16 10 8+ 10 
17 4+ 6 9' 
18 7 7 9' 
19 6 6 8' 
20 6 5+ 9' 
21 6 6 8' 
22 6 6 6 
, Most species identified in t he sample 
+ Fewest species identified ;n the sample 
" Samp les 15 - 22 collected from hunter kill 
I 
1 
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No record was obtained of time required to estimate diets by exam· 
ination of utilization at feeding sites. " A range of 0.5 to 2 hours of 
observations \>/a5 generally needed to obtain site esti mate data, the time 
depending upon several factors: .topography, soil condition which affects 
dne's ability to track pronghorn movement, number of an imals present at a 
feeding s ite, intenSi ty of utilization at a feeding site, and the species 
of plants being utilized. 
The point-frame method is much faster than the gravimetric. The 
average time required to analyze 22 rumen samples by this method was 
51.14 minutes (See Table 2). This time differed significantly (Student 
t P > 0.05) from the time required to segregate the sample using the 
gravimetric method. Although the point frame required about 60 percent 
less time to analyze a sample than did the gravimetric method, some of 
the time limitations of the gravimetric methods also apply to this 
technique. 
The microscopic-point technique is a rapid method of determining 
plant species ' composition of rumen samples once the materials have been 
prepared. The average analysis time for 22 rumen samples was 32 .82 
minutes. This was Significantly different from the analysis time for the 
point-frame technique (P > 0.05) (See Table 2). A sample may be analyzed 
by the microscopic technique in the time required to scan five transects 
on four microscopic slides. However, digesting and staining material s 
and mounting slides required considerable time. A great deal of time 
must also be spent in learning the epi~ermal characteristics of all 
plants encountered in a study. To make valid comparisons between times 
required for analyses, it is necessary to add the preparation time to 
the mier.oscopic analysis time. No tabulation of slide preparation time 
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was .kept, but, on the average, approximately 20 minutes were spent on 
slide preparation. Taking this into account gives an average time for the 
rumen microscopic pOint technique of 52.82 minutes ~/hich is only slightly 
greater than that required for "the poirt-frame method and approximately 
half the time required by the gravimetric method (See Table 2). Somewhat 
more time was required to ana lyze fecal samples than those fr om rumens~ 
62.5 and 61.6 for intestinal and s ite feces, respectively. 
Technical difficulties encountered 
The gravimetric technique ;s limited by reliance upon gross examin-
ation of rumen sample components. Thus, there is a tendency to overl ook 
or misidentify species w~ich occur in minimal amounts or which are in an 
extremely fragmented condition. 
An important limitation of the point-frame technique is one' s 
inability to alter the sample during the analysis by removing fragments 
for identification if a precise estimate of frequency is desired. When 
this method is used, species s imilar in morphology will tend to be mis-
identified more frequently than with the gravimetric technique. The 
researcher must thoroughly mix and evenly spread the sample across the 
tray to prevent biased sampling. Where great di fferences occur in 
particle size, bias may occur with the point-frame technique. The prong-
h"Orn rumen samples were mostly we"n masticated and the leaf size of many 
of the forage species were rather small, so no evidence of such a bias 
occurred in this study. This source of bias could be overcome by chop~ing 
the larger fragments to uniform size prior to analyzing the sample with 
the point frame. A dietary analysis using this method yields data based 
only on a frequency of occurrence . Therefore, data gained by frequency 
analysis techniques are all relative to the composition of the total 
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sample and are not concrete estimates of dietary compos i tion. 
Another factor which is extremely critical and disadvantageous in 
the mi croscopic t echn ique i s the time required to learn the epi derma l 
characteristics of forage species found in the diet. The microscopic 
techni que, however, is a mcch more accurate method in terms of deter-
mining the qualitat i ve compos.itien of a rumen sampl e. Many of the 
disadvantages of ~ifferentia l fragmentation, minute l ea f si ze and lack of 
distingui sh ing plant morophologi cal characteristics which affect the 
gravimetric and point-frame methods are overcome by the microscopic 
techn; que. Th"us, more spec; es were ; dent; fied ; n the rumen sampl es by 
the microscopic technique than by either of the other two methods (See 
Table 3). However, t he microscopi c techn ique does not enabl e one to 
distinguish plant parts nor to distinguish green versus dry plant 
material in a dietary analysis. 
In general, the comments regarding the technique of rumen analysis 
by microscopic methods appli es as wel l to the microscopic ana lysis of 
fecal material . Epidermal fragments found in the fecal samples were more 
difficult to identify than those in the rumen samples making the analysis 
somewhat more time consuming and l ess accurate. Some breakdown and 
degeneration of ep iderma l characteristic·s occurred duri ng the digestive 
processes, and thus more time was needed to identify fecal samples than 
rumen samples with the microscopic technique (See Table 2). Also, 
because of smaller size of epidermal fragments, about 50 more plant frag-
ments had tr, be identified in fecal sampl es than in rumen samples. 
Although the differences in time were not si gnificantly different . 
(P > 0.05 ) , time does not seem to be as closely lin ked wi th the number 
of species in the sample as with the two other methods investigated . 
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Differential breakdown of epidermal fragn~nts probably does occur (See 
known diet study), but it is difficult to assess the effects of differ-
ential digestion on the desert species found in pronghorn diets because no 
data on intakes were available for compar;son other than the materials 
found ·in the rumens. In tenns of qualitative analysis, the microscopic 
point on the rumen samples and the analysis of the intestinal fecal samples 
compared fairly well (See Table 4). 
Generally, fewer species were identified in the feces than in the 
rumen samples. This may be because the missing species had not been 
consumed, that they were present but overlooked, that digest ive process 
had rendered them unrecognizable, or a combination of all these causes. 
Even fewer species were identified in the site fecal samples (See 
Table 3). This may be due to the dilution effect of mixing several 
pellet groups (an average of four) ii-Iilake up a sample, or to inadequate 
sampling of the fecal materials, Because of the lag between the appear-
ance of material in the feces and inges tion, fecal examination does not 
necl~!;sar;'y sample the same mix of material as that being taken at the 
time the animals were observed. Thus~ any method of determining diet 
based on a single point in time may be unrepresentative of the diet over 
the previous several days . 
It was found that diet estimates obtained by the s ite estimate 
method required the least work. Some species found by other methods 
were not identified during the site examinations because of the difficulty 
~~,,' ': 
in determi .'ing if they had been utilizeo. Pronghorn are constantly 
moving as they feed, making it difficult to detect the light use on 
individual forage plants that results. From a review of the summary 
tables of samples 15 to 29 in Appendix E, it seems that 5 - 10 percent 
• 
h S_-• . 
Table 4. Comparative estimates of the diet of 14 pronghorn antelope as determined by 
different methods . 
Rumen analysis Fecal analysis Vegetation 
Point Mi croscopi c Intestinal Site Site 
Gravimetri c frame pOint feces feces estimate 
Shrubs (Percent) 
Artemisia nova 16.87 17.52+2.44* 16.95+2.82 17.67+2 .82 27.54+1.90 26.43 
Prunus Easciculata 22.89 20.28+2 .43 23. 96+2.42 24 . 35+1 .92 24.65+1.67 21 .43 
Gutierrezia sarothrae 11.34 11.82+2.32 11.30+2.17 12 .44+1.23 8.07+1.33 6.43 
Brickellia oblongiEolia 5.59 4.53+2.37 6.89+2.21 4.05+1.08 0.80+0.55 2.14 
Ephedra nevadensis • 3.32 1.18+1.09 2.28+0 . 74 3.90+1.15 2.56+1.34 3. 93 
Juniperus osteosperma 3.48 5:07+2.03 9.24+2.05 5.71+1.41 0.07+0.54 0.14 
Atriplex conEertiEolia 1.79 0.24+1.10 1.80+ 1.11 2.22+1.14 1.65+ 1. 17 0.93 
Artemisia spJ.nescens 7.18 8.13+1.78 6.68+2.85 7.99+3.06 9.39+1.57 12.86 
Forbs 
Eriogonum spp. 7. 74 7.31+1;65 · 6.84+2 . 07 3.23+1.22 1.17+1.22 2.14 
Sphaeralcea grossulariae-
Eolia 2."a 3.65+1.96 2.60+1.26 7.29+1 :24 7.12+1.29 4.43 
Salsola kali var. tenuifolia 4.54 4.63+3 .. 00 4.03+1.11 3.25+1.29 4.20+1.29 3.57 
Grass 1.04 0.19+0.59 0.87+0.56 1.74+0.75 3.46:!:.1.32 3.57 
... 
-----.-
* Mean + Standard Error 
.-
... 
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utilization must ·occur before the observer ordinarily detects utilizatioTi 
of a particular fora~e species" although this depends upon the character-
istics of the species being utilized and the training, ability and zeal 
of the observer. The relative ranking of species in order of uti lization 
from site observations yielded data relatively similat to that derived 
from feces collected at the site. 
Agreement among me thods 
Each method used to analyze samples from each sample source was 
compared to all others (Appendix C) by an index of deviation (I) (Hansen, 
1972) by the fo rmula : 
. "1" = ~ £(d)2 
n-l 
where IId ll is the difference in the percentage composition of each species 
by the blO methods being compared, and IIn" is. the total number of species 
~ 
in the samples. A l ow I value between pai.red samples indicates a tendency 
for the estimates of species composition to be similar. Not surprisingly, 
greatest agreement occurred among the methods using rumen ma'terial. s ince 
these were based on identical material. Among these: the gravimetric and 
microscopic point methods provided the lowest index of deviation (2.10) 
making them most similar of the three rumen analyses methods. Next i n 
order of agreement were the point frame and gravimetric methods followed 
by the point frame and intestinal feces methods . Ion genera'i".-"comparisons 
involving feces collected at feeding site and site-vegetation analyses 
deviated mcst; an exception occurs with comparisons of site feces and 
site vegetati on data which "were fourth io order of Similarity. 
A coefficient of detennination (r2) matrix deri'led from "comparing 
all observations on all methods to est~mute G~€-t5 of proil gho rn was 
· i 
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calculated also (Table 5). The comparison between the gravimetric and 
microscopi c point analys i s methods agreed best (98.2 percent). Among 
t:he three methods used to determine rumen compos iti on, the microscopic 
point and t~e poi nt frame comparison agre,d l eas t (88.5 perce nt). 
The coefficients of determinati on calcul ations (r2) (Table 5) show 
a very poor relationship beb/een all methods of rumen analysis and site 
fecal analysis; however, a fairl y good rel ationship (76.6%) existed 
between site fecal analysis and utili za tion estimate at the site. This 
probably is in part because both estimates are a function of the utiliz-
ation of several an i ma l s instead of only one as i n the other methods used. 
The coeffici ent of determination matrix (Table 5) indi cates that 
only intesti nal- fecal samples show a good rel ationship with the rumen 
compositions . This; s some"'/hat surprising, since the l ag between what 
was last eaten and present in the rumen and \'Jhat \'1a5 found in the 
intestinal-fecal samples is at least 48 hours (Mautz and Petrides, 1971). 
This indicates that diets do not change abruptly under normal grazing 
conditions. The poor relationship beb/een the data derived from the 
sIte-fecal samples and the rumen analyses may also be explained by the 
lag effect, whi ch in this case would be longer than in the intesti nal 
fecal sampl e comparisons, and movemen t of the anima l s from place to p·lace. 
Another factor wh ich also would reduce r2 among the site-fecal samples 
and the rumen sample!:. 1s the effect indi .vidual preferences would have I 0'; t he latter. An average of four pellet groups made up a site fecal 
sample whi.:.h, therefore, probably repre~ents the intake of more than one 
an ima l. For these reasons there is no assurance that materials from 
different sources sampled the same population. 
I The pa ired-mp.thod r.ompari sons are ranked in Table 6 as calculated 
I 
·-_.-
Table 5. Coefficiencts of determination for 'all observations on six methods used to "etermine 
percent dry matter composition of diets for pronghorn antelope Desert Experimental 
Range 1970-1971 ' 
Hicroscopic Intestinal Site 
Point frame paint feces Site feces estimate 
Gravi metri c 0.893 0.982 0.817 0.456 0. 362 
Po i nt frame 1.00 0.885 0.760 0.508 0.410 
Microscopic point 1. 00 0.812 0.464 ~.362 
Intesti nil1 feces 1.00 0.646 0.483 
Site feces 1.00 0.766 
• 
... 
... 
I 
I 
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Table 6. P.ankings of two~ethod compa risons from greatest to l east 
agreement as de termined by the index of deviation and the 
coefficient of determinati,on 
Cempari son 
Microscopic point x gravimetric 
Microscopic point x point frame 
Gravimetric x point fraJre 
Site estimate x site feces 
Intestinal feces x gravimetric 
Intestinal . feces x microscopic point 
Intestinal feces x point frame 
Intestinal feces x site feces 
Intestinal feces x site estimate 
Site fecal x point frame 
Site fecal x gravimetric 
Site fecal x microscopic pOint 
Site estimate x point frame 
Site estimate x gravimetric 
Site estimate x microscopic poi nt 
. * Equal in value 
Ranking 
Coeffici ent of 
Index of deviation determinati on 
1 1 
2 3 
3 2 
4 6 
5 4 
6 5 
7 7 
8 8 
9 10 
10 9 
11 11 
12 12 
13 13 
14 14* 
15 14* 
-
• 
• 
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by the index of deviati ons and the coefficient of detennination. Although 
the rankings are not identical, there is close agreement between them. 
The same methods share the three top rankings although in different 
order; the five comparisons showing leas ·~ agreement are identical in 
ranking except for a tie for last place by the coefficient of detennin-
ation. Eight of the rankings were identical. Among the others, only 
site estimate x site feces comparisons differed in rank by as much as 
two places. 
A study of the individual analysis tables ill Appendix E indicates 
that the occurrence of the species such as juniper and Russian thistle 
resulted in poorer comparisons b:tween the pOint frame and the micros-
copic methods, and between the pOint frame and the epidermis of gravi-
metric methods. The rather unique morphological characteristics of 
these species may have resulted in certain inherent bi ases which could 
ha.ve caused the lack of agreement. 
Because of the noncoincidence in time among the different methods 
of diet analysis ' it is difficult to evaluate the reliability of one 
method vis-a-vis the others. It is important to note that the rankings 
of individual browse species by the gravimetric and microscopic-point 
methods are identical; the rankings for the point-frame and intestinal 
~eces methods are identical; and with the exceptions of Atriplex and 
Brickellia which are reversed, the s ite feces and site estimate methods 
are identical. The major difference between rankings by the site feces 
'and site estlmation methods from the othe,r methods was in rank achieve~ 
by the four most prominent species. Black sage-desert almond-budsage 
ranked first by the methods based on site examination (fecal and vegeta-
tion) and desert almond-black s3ge- sna::'~ ... .::ad by al1 other methods. 
, 
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In the absence of data on actual diet composition, comparisons of 
methods were based on: (1) time required to perform the analyses, (2) 
the number of species identified and (3) the agreement among the dif-
ferent analytical methods. Table 7 i s a sUl1nTlary of results for all 
parameters measured by all the me thods investigated. The methods are 
listed in descending order from best to poorest for each parameter. 
Generally the rumen analysis methods; i.e " the microscopic 
and the gravimetric, rank at the t?P of the table, although the gravimetric 
method does rank the poorest" in terms of the mean time required to analyze 
a sample. Thi s excessive time required by the gravimetric method may be 
critical where time and funds are limited. In addition. collecti on of 
rumen samples on a large scale can only be conducted during hunting 
seasons, and thus adequate sampling for dietary estimates will usually be 
limited to a particular season of the year. 
The point frame and intestinal fecal analyses are intermediate in 
this ranking. Again both these methods usually can only be applied where 
animals must be sacrificed in order that samples be obtained. It is of 
interest to note that the fecal analysis methods do have some overlap 
with the rumen analysis methods in this hiearchy. A large number of 
samples may be obtained for the site fecal method and an.1ys is may be 
conducted by the same techniques as with the intestinal fecal method . 
Therefore , it is obvious that the fecal analyses methods (See Table 7) 
'rank favorably as a group. 
The site-estimate method ranks at ,ile bottom of the table. It 
exceeds the gravimetric method in terms of time required for a dietary 
estimate . As mentioned. previously, this low ranking may be misleading 
because on a quantitative basis thi :; metho.d ranks dietary component!; cf 
--_._---------------------_._- ~ . - . -. -_. -
Best 
Table 7. Ranking of the .various methods investigated according to parameters measured during the 
study 
Number of Species 
Identified 
microscopic pt. 
gravimetric 
intest. feces 
point fra me 
site feee :> 
Efficiency 
Index 
mi croscopi c pt. 
site feces 
i ntest. feces 
gravimetric 
point frame 
Mean* 
Correlation Coefficient 
gravimetric 
; ntest . feces 
microscopic pt. 
point frame 
site fecal 
tt;ean Index* 
of ~vi"tion 
gravimetric 
I~ean 
Anal .'/sis Time 
point frame 
microscopic pt. microscopic pt. 
intestinal feces site feces 
point frame intest. feces 
site fecal · . site estimate 
Poor(!st site esti mate site estimate site estimate gravinetric 
'The arithmetic mean resu1tin9 from the comparisons of all methods 
... 
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' pronghorn .lmost identi cally to the more sophi sticated methods. Also, 
another source of the lower rankings for the s ite-estimate is the fact that 
it failed to pick up certain mi nor species. This infl ated the more prom-
inent species rankings and could have l ed to confound i ng differences . 
Economicall y the site-estimate is probably by far the most feasibl e me thod 
for obtaining dietary informat ion. 
In the future~ extensive food hab its studies may require the use 
of two or more of the above described techn i ques. To overcome" the 
requirement for sacrific ing study ani mals to obtain sampl es , it may be 
profitable to use the site-fecal method for more diet determinati ons in 
conjunction with the mu ch mor~ rapid and economic technique, the site 
estimation. " Thus, surveys mi ght use both methods to achieve effic iency 
combined with acceptable accuracy. 
Accuracy and efficiency of methods 
The microscopic point method compared more favorably with the 
gravi metric method for quantitat i ve estimates of pronghorn diets. The 
mean standard error for 14 observations (Tabl e 4) was 1.78, while that 
of the pOint frame method was 1. 90. These results are somewhat mis1ead-
1ng because an analysi s of the total number of fra gments identified showed 
that the microscopic poi nt verified 247 fragments per sample on the aver-
age while the point frame only pe rmitted identificotion of 206 fragment s 
(Figure 18). 
The fecal-analysis methods had the iowest standard errors (Table 4). 
The average standard error for the intes~inal-fecal anal ys is was 1.46 and 
for the site fecal analysis 1.28. The standard error (Figure 18) 
decreased as the number of pl ant fragmen:s identifi ed in 0 sample in-
creased. The greater number of fragment~ identified per analysis was 
~. 51 
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F'tQure 18. A compar ison of lhe mean ~tondord error and the number of 
forog, frogments identifi .; d. 
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probabl y due to the presence of more fragments on the slides prepared 
from fecal ~aterial than from rumen material . Figure 18 indicates that 
in order to reduce the standard error below 1 for the particular samples 
,analyzed, it i s necessary to identify approxi mately 350 - 400 fragments 
per sample when using a frequency technique for dietary samples obtained 
on the study area. 
In order to gain an estimate of the efficiency of a particular 
method, a simple formula was devised using the average standard error 
(SE), the average time (T) required to analyze a sample and the average 
number of species identified (5) per method to obtain an efficiency 
index. "T" for the microscopic analysis of rumen samples and fecal 
samples "as the mean total time (See Table 2) of preparing the microscopic 
slides and the time for the analysis i.e .• Index of Efficiency = sr X T 
5 
If one assumes a S.E. of 1.00 for the gravimetr,ic method, the fo11o,dng 
results are obtained. 
Rumen material 
Gravimetric analysis I.E. = 11.72 
Point frame analysis I.E. = 12.84 
Microscopic analysis I. E. = 9.54 
Fecal material 
Site fecal analysis I.E. = 10.64 
Intestinal fecal analysis I.E. = 11.26 
From such calculations one can crudely categorize the methods according 
to their efficiency of estimating the dietary components of prcnghorn 
on the Desert Experimental Range. These values indicate that the 
microscopic analysis methods are somewhat superior to the other methods 
Investigated. Results also indicate that the point fra me method is le >s t 
efficient. The I.e:. vallJe for the site fecal method is probably much 
52 
over-rated in that many species were not found in sampl es by this method 
(See Table 3). 
Knm'/n Diet Stt1d..L, 
The knOlffl diet study was an attempt to determine whether there >:as 
a differential breakdO\·m of plant epidermis among species during the . 
digestive processes. If a differential breakdOl·m occurs, an accurate 
quantitative assessment of the dietary components is not possible by 
analyzing epidermal material from feces. Some researchers have reported 
there is no differential breakdown among spec ies of grass. This part of 
the study was aimed at determining -whether the epidermis of forbs or 
-browse, the rna in components of pronghorn di ets .• undergo di fferent i a 1 
breakdown. From Appendix F-l and F-2 it is obvious that the intake of 
the mule deer was somewhat variable but a paire'd t-test showed that 
intake of the male versus the female was not significantly different 
(P L .05). Therefore, even though the intakes varied between animals, 
the intake for both animals were consistently simi lar. In order to 
compensate for the rate of passage of plant matter through the animals, 
a 48-hour lag was allowed before making comparisons between feeding and 
collection of fecal pellets for analysis . 
. It was found (Table 8) that sagebrus h and juniper were highly 
overestimated in the fecal analysis. Forbs, mulesear (wyethia amplexi -
caolis) and desert parsley (Lomati~m dissect~~). which were lush at the 
time of feeding, were underestimated con;,iderably . Only in the case o~ 
Kentucky bluegrass (Poa pratensis) did the diet come reasonably close to 
what was actually fed. 
A paire~ t~test 0n the fecal-diet estimate comparing the results 
• - =. - ------ -- . ... - "'. 
Table 8. Comparison of percent composition of diets of two mule deer and percentage identifi ed 
in feces on a dry weight basis 
Percent of Diet estimate using 
Species di et fed fecal analysis 
, 
Artemisia tridentata 9.45 28.83 
Wyethia amplexicdulis 39.52 24.57 
Lomatium dissect um 33.03 22.33 
Poa pratensis 17.67 ~1.66 
Juni perus osteosperma 0.34 3.07 
**Sign"ificantly different at .01 level 
Similarity __ 
t-values index. percent 
19.71** 46.57 
13.30** 76.67 
9.43 80.69 
4.53** 89.91 -
7.66** 20.65 
'" w 
I 
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for the two deer aga in showed nosi~nifican t difference (P~.05) for most 
species fe~ except grass (See Table 8). A similarity index was calc 
culated (See Table 8) using Ku lczunski's mathematical index of similar-
ity (Hansen, 1971), 51 = a!~ wh~re \./ is the 10l,es t value of percent 
composition of the actua l intake and the dietary estimates and a+b is 
the sum of the inta ke estimate and the fecal estimate. The index should 
equal 100 percent if the fecal ' esti mate equaled the amount of forage 
fed (intake estimate ). Hansen (1971) cons iders an index of 85 or better 
an indicati on' that the two samples compared are very much alike. There-
fore, it \'/ould seem that only the grass componen t of the diet was 
approximated by the fecal esti mate , even though the paired t -test showed 
a significant difference. Since the intakes of the deer were very 
similar, one coul d safely conclude that differential breakdown of some 
of the components did occur. A factor which would have biased the re-
sults is that epidennal fragments of bro\'1se speCies could be identified 
IIDre readily than could those of forbs. This bias would tend to weight 
the browse ; n the di et more heavily than the forbs to some degree. Some 
loss due to dropping partially chewed material by the animals occurred, 
"because the forage was fed green. However, this would not account for 
the almost 20 percent difference between the actua l amount fed and 
fecal estimate. These results. though limited, tend to indicate that 
a certain amount of di'fferential dis appearance of epidennal fragments 
does occur. Since the results are based on a frequency analysis a 
gross unde"(!stimation of one species may result in an overestimation of 
all other dietary components. Under certain conditions, the quanti-
tative estimates of herbivore diets containing large amounts of lush 
forbs and browse might be in va lid when using the fecal -estimate method. 
55 
The fecal analysis data obtained from the pronghorn study (Table 4) 
shows a better relationship among the various dietary estimates than those 
given in Table 8. This phenomenon is most difficult to explain, but I 
hypothesize teat the flora found in the des ert has epidennal character-
istics which are more resi s tant to digestion, i.e., thicker cell \'/alls, 
and consequently the i nges t ed rna teri a 1 readi 1 y passes through the di ges t-
ive system unaltered~ This would therefore enable one to make a nnre 
valid estimate of dietary composition using the fecal analysis method 
than was suggested by the fecal estimates reported in the known diet 
study. 
.' 
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SUMMARY AND COIlCLUSIONS 
The purpose of this study >las to evaluate the practicab.ility of 
using fecu1 unaly5~s as a mEans of t:5t~lIi; ting diets of prongho(·n antt!~(;;:'c 
on arid des"rt ranges. The main part. of the study was conducted at tho 
Desert Experimental Range in southwestern Utah in the summer of 1970 
and spri n9 of 1971.. 
Fourteen antelope, two in each of seven periods a month apart, were 
sacrificed in order to collect material for analyses. These an i mals 
provided rumen samples and fecal samples from the large intestine. In 
addition, estimates of diets were made from evidence of forage use at 
the sites from which antelope were taken and from fresh fecal material 
gathered at the same sites. Rumen samples were also obtained from eight 
antel ope kil led by hunters durin9 the open season near the study site. 
Since no information on actual dietary intakes of the antelope 
were available, the evaluation rested on comparisons of the results among 
different methods . An additional va lidation test was undertaken using 
two mule deer fed known diets. Fecal samples from the deer were 
subjected to the same preparatory and analytical techniques as those used 
.in the antelope study as a means of validating the fecal technique . 
Analytical methods used for analyses of rumen material were the 
gravimetric, point frame, and microscopic point techniques. Fecal 
material was analyzed by the microscopic point technique. Thus, dif-
ferent methods of analyses could be compared as well as different 
methods of ~iet determination. 
Evaluation of techniques and diet determination methods were made 
in te nns of the following criteria: 
• 
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1. Time required to perform an analysis. 
2. Numbers of species identified by an analysis. 
3. Similarity of results as indicated 
. estimate!" and coeffi cients of determin'ition 
by the 
2 
standard errOr of mean 
(r ). 
The epidermis of forb and browse species is not as readily observed 
as ;s that of grasses. Consequently, methods for preparation of rumen 
and fecal rna teri a 1 descri bed in the 1 itera ture had to be modi fi ed. · It 
was necessary to ac~d digest the plant material and to strain it in order 
to observe readily epidermal structures of forb and "browse species. Also 
a more efficient method of determining the frequency of epidermal frag-
ments ana microscopic slide was tested and used . 
. 
Comparisons of rumen analysis methods shO\lled that the microscopic 
technique was the most efficient method of analysis. This technique was 
least time consuming and gave the most precise in determination of 
species composition in the sample. The disadvantage of the microscopic 
technique is that it could require a vast collection of reference slides 
illustrating species epidermal characteristics and the ability to 
distinguish species using this criteria. This was only a minor problem 
in the present study since the number of species encountered was 
relatively small. 
Although fecal analYSiS, using the microscopic technique, appears 
to be a feasible method of determining diets of pronghorn on desert 
ranges t identification of plant fragments in feces was found to be more 
difficult than with material obtained from rumens. Diets determined 
from fecal material differed little from those estimated by conventional 
methods, and the differences were in part due to the differential in 
time rp.presented by the different samples. It was not possible to 
58 
collect material which represented the same period of time. 
Very little evidence of differential breakdown among species was 
observed. although the known di et study dld effectively demo ns trate that 
differential di gestion . ca n occur. Before fecal analysis can be used as a 
method of detennining dietary composition of herbivores it will be neces-
sary to carry out comprehensi.ve experiments us ing many species of forage 
at all seasons of the year to ascertain its true value as a technique. 
· . 
I 
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Appendix A. Scientific and common names of forage species occurring 
in this study 
Shrubs 
Artemisia fX..Lgida 
Artemisia r:ova 
Artemisia spinescens 
Artemisia tridentata 
Atriplex canescens 
Atriplex confertiEolia 
Brickellia oblongifolia 
Cercocarpus intricatus 
Chrysothamnus spp . 
Cowania stansburiana 
Eplledra nevadensis 
Eurotia lanata 
Gutierrezia sarothrae 
Juniperus osteosperma 
Prunus fasciculata 
Salvia carnosa 
Tetradymia nuttallii 
Forbs 
Chaenactis macrantha 
Chenopodium album 
Cryptantha spp . 
Enceliopsis nudicaulis 
Eriogonum spp. 
Euphorbia oce llata 
Halogeton glomeratus 
Haplopappus nuttallii 
Hermidium alipes 
Hymenopappus £i11£01iu5 
Lepidium montanum 
Linum lewisii 
Lomatium dissectum 
Oenothera caespitosa 
Opuntia spp. 
Penstemon nana 
Salsola kali var. tenuifolia 
Sphaeralcea gros5ulariaefolia 
.Townsendia Elorifer 
wyethia amplexicaulis 
Grasses 
Bouteloua gracilis 
Hilaria jamesii 
Oryzopsis hymenoides 
Poa pratensis 
Sitanion flysLrix 
Sporobolus cryptandrus 
F ri nged sago 
Bl ack sage 
Bud sa~e 
Big sage 
Four-"i ng sa ltbush 
Shadscale 
Mohave brickellia 
Curlloilf mahogany 
Rabbit brush 
Cl iffrose 
Ephedra 
White sage 
Sn'lke\·,eed 
Utah juni per 
Desert almcnd 
Sage 
Horsebrush 
Chaenacti s 
larrbsquarters 
Cryptantha 
Enceliopsis 
Wil d buckwheat 
Spurge 
Halogeton 
Haplopappus 
Herm; di urn 
Fineleafed hymenopappus 
Pepper .,.Ieed 
Wildfl ax 
Desert parsley 
Evening primrose 
Cactus 
Penstemon 
Russian thistle 
Scarlet globemallow 
TONnsendia 
Mulesear 
81uegrama grass 
Galleta 
Ind ian ricegrass 
Kentucky bluegrass 
Squirreltail 
Sand dropseed 
I 
I 
I 
! 
I 
Appendix B. Preparation of rume n a~d fcc~l $~~lc~ und reference 
materials for microscopic analysis 
1. Oven dry or thoro~ghly iiir dry sample. 
2. Grind sample through 40 mesh screen. 
3. Obtain a 10 - 20 gm . sub-sample of the thoroughly homqgeniled 
and mixed sample and place in alSO ml. beaker. 
66 
4. Add sufficient amount of 10 percent chromic and nitric acid 1:1 
ratio to completely cover and soak the sample. 
5. Allow sample to acid digest at room temperature for 12 hours, 
then heat and bring to boil . 
6. Empty beaker contents into 200-mesh sieve and wash thoroughly. 
7. Empty sieve contents into a staining cup. 
S. Deacidify sample in dilute ammonia chloride solution, the rinse 
in distilled water. 
9. Stain sample one minute Or more in safarin-O stain. 
10. Rinse sample in ethanol. 
11. Stain sample two minutes in crystal violet stain. 
12. Rinse sample in distilled water. 
13:, MOunt minute amounts of sample in pure Karo medium on microscopic 
slides. -
"' . ""- -
Appendh C. Comparfson of Methods Us i ng Index of Deviation 
Sample ' 1v2 lv3 lv' lvS 1 v, 2v3 2v' 2vS 2v' 3v' 3vS 3v' 'vS 4v' Sv' 
3.20 3. 14 5.17 14 .01 11.39 0.90 7.0515.73 12.94 6.87 15.59 12 .86 9.08 7 .27 5.83 
2 7.02 6.74 7.331 0.791 1. 67 1.09 6 .26 12.22 12.43 5.96 11 . 53 11.75 10.7 5 10.49 2.94 
3 5.04 2.86 2 .86 2.61 7 .31 2 . 57 5.21 14 .97 9.30 3.43 3.25 7.74 0.9' 6.70 6.65 
• 2.50 2.79 5.71 6.38 7.53 1.40 6 . 18 6.16 8.40 7 .02 7.35 9.31 4.97 4 .15 4.27 
5 ' .82 ' .98 13 .'1 9.38 5.82 0 .89 9.39 6.79 5.'1' 8.80 '.08 4.99 5.87 8.59 4.9l 
, 7.6611.12 8.02 6.87 6.48 '.02 5.00 3.45 7.23 7.61 6.54 10.86 2.54 4 .82 ' .84 
7 4 .83 3.77 14 .07 17.29 15.04 2.4611.2814.0012.2512.7414 .9212 .49 8 .88 11. 59 6 .54 
8 3.15 2.57 1.42 7 .33 4 .33 0.73 3 .32 6 . 55 3.87 2.83 6 . 53 3.67 6.68 4 .25 ' .33 
9 9.3310 .4811 .17 10.91 13 .62 2.66 5.56 16 .78 18 .81 7.4218.3720 .1214.71 16.17 5.1 0 
10 3.77 2 .93 5.90 16 .30 15.26 3 .55 3.61 18 .8017.66 3.81 18.7217.58 20 .86 19.63 2 .43 
11 1.40 4.32 4.52 15.59 30.93 2.97 3.22 14 . 35 30.30 1.1412.00 29.28 11.58 29.07 24 .20 
12 9 .52 8 .30 6 .43 19 . 11 lB.36 1.67 10.24 25.31 25.50 8 .8623.9924.2016 .1016.50 1.46 
13 3 . 17 2 .54 3.30 8 .73 9.83 2 .75 3.41 7 .1 3 8.02 4.16 9. 34 10 . 24 ' .71 7.94 3 .93 
14 4.53 5.24 11. 61 13 .34 14.82 1.6811.3012 . 9314 .11 10.5712.1713.31 3.08 6.41 6.93 
... " 5.14 5 .27 7.2111.2612.31 2 .10 6.5011.8013.31 6.5211.8813.46 8.77 11.06 6.17 
l.i,cthod 1 Point frarre 
It::thod 2 Griilvinetric rumen analysis 
!·:cthod 3 f-ticroscopic pOin t 
I'~thod 4 tntcstiniil l feces fecal samples 
'" ~:ethod 5 Site feces ..., 
Method 6 Site estimate ve~htfon 
• 
APPENDIX D 
Percent Composition Estimates of Artificial Diets Using 
Various Microscopic Analyses Methods 
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Table 0-1. Percent composition estimates of an artificia l diet uS in9 the microscopic point 
method for microscopic analysis 
Artificial diet one 
Species slide Penstemon Artemisia Po. Euphorbia 1?runus 
number nana nova pratensis ocellata fasciculata 
'1 19 .79 18.75 25.00 10.42 26 .·04 
2 23.72 22 .88 21.86 10. 17 22.03 
3 25.00 22 .22 24.07 12.96 15.74 
4 19.66 23. 93 23.08 11 .97 21.37 
5 24 . 72 20.79 20 . 22 11 .24 23.03 
6 20. 14 23 .88 20.15 10.45 25.37 
7 25 . 23 23 .42 20.72 9.01 21.62 
8 24 .86 22 .54 20 .81 9.25 22.54 
9 23 . 29 21.92 26.03 9.59 19.18 
10 20 . 72 22.52 27.93 9.91 18.92 
11 21. 85 22.69 19 .33 10. 08 26.05 
12 22.11 20.00 23. 16 11.58 23 .16 c 
13 27.35 27..22 17.09 11.11 24.79 
14 23 .53 22.06 22.06 9.56 . 22.79 
15 20.00 27.14 22.14 10.7 1 20 .00 
16 26. 19 20.83 10.71 21.43 19.73 
Mean 23.01 22.36 22.16 10.55 22. 13 
S . O. 2.47 1.88 2. 70 1.05 2.79 
S.E. 0.62 0.47 0.68 0.26 0.70 
'" 
'" 
Table 0-1. Continued 
Species slide 
number 
Juniperus 
osteosperma 
Artificial diet two 
Gutierrezia 
sarothrae 
Artemisia 
spinescens 
Salvia 
carnosa 
---
Oryzopsis 
hymenoides 
.Tab1e 0-2 . Percent composition estimates of an artificial diet using the field method 
for microscopic analysis . 
Species sl ide 
number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Mean 
S.D. 
S.E. 
Penstemon 
nana 
30.35 
23.01 
27.02 
27.02 
24.11 
30 .09 
27.93 
23 .01 
25 .44 
23 . 64 
27.43 
27. 19 
19.09 
21.93 
26.13 
18.02 
25.09 
3.53 
0.88 
. Artificial diet one 
Artemisia 
nova 
17.86 
20.35 
20.72 
24.32 
22.32 
19. 47 
19.82 
18.58 
25.44 
30.00 
23.89 
25.43 
27 .27 
26.32 
20.72 
27.93 
23.15 
3.68 
0.92 
Poa 
pratensis 
19.64 
23.01 
23.42 
22.52 
17.86 
22 .1 2 
23.42 
20.35 
22.81 
19.09 
17.)0 
25.44 
27.27 
17 .54 
23 .42 
22.52 
21. 76 
2.82 
0.71 
Euphorbia 
ocellata 
8.04 
7. 96 
8. 11 
9.91 
8.04 
8. 85 
9.00 
12.39 
7.89 
8.18 
7.08 
7.02 
10. 00 
8.77 
10.81 
9.01 
9.19 
1.40 
0.35 
Prunus 
f asciculata 
24.11 
25.66 
20.72 
16.22 
27 .68 
19 .47 
19.82 
25.66 
18.42 
19. 09 
23 .89 
14.91 
. 16.36 
25.44 
18. 92 
22.52 
21 .1 8 
3.89 
0.97 
.... 
~ 
Table 0-2. Continued 
Species slide 
number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Mean 
S.D. 
S.E. 
Juniperus 
osteosperma 
24 . 55 
29.46 
27.92 
21.10 
23.89 
26.36 
18.92 
27.68 
24.32 ' 
17. 86 
24.55 
18.49 
17 .86 
19 .82 
27.68 
21.30 
23.24 
3.95 
0.99 
Artificial diet two 
Gutierrezia 
sarothrae 
14.55 
19.64 
18.02 
16.51 
22.12 
20.00 
23.42 
19.64 
19.82 
24.11 
20.00 
22.69 
22.32 
22.52 
17 .86 
24.07 
20.46 
2.78 
0.70 
Artemisijl 
spinescens 
16. 36 
22.32 
22.52 
26.61 
19.47 
15.45 
12.61 
19 .64 
18.02 
17. 86 
20.00 
11. 76 
17.86 
13.51 
15.1 8 
16.67 
17. 87 
3.91 
0.98 
Salvia 
carnosa 
24 .55 
14.29 
18.02 
19.27 
19.47 
22.72 
30.63 
17 .86 
22.52 
22.32 
20.00 
21.00 
26.79 
22.52 
19.64 
21.30 
21.43 
3.81 
0.95 
Oryzopsis 
hymenoides 
20;00 
14 .29 
13.51 
16.51 
15. 04 
15.45 
14 .41 
15.18 
15.32 
17 .86 
. 15.45 
26.05 
15.18 
24.32 
19. 64 
16 .67 
17.18 
3.62 
0.91 
.... 
N 
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APPENDIX E 
Estimates of Diet Composition of Pronghorn Ante lope Using Six 
Methods to Estimate Diets, Desert Experimental Range July 1, 1970 
to June 4, 1971 
, 
Table E-l. Estim1tes of diet composition for pronghorn antelope #1 collected July 1.1970 
Desert Experimental Range. 
-
Ru~n analysi s Fecal ana lys i s Ve ge t 3. ti on 
Point Microscopic Intesti na i Site Site 
frame Gravimetric point feces feces ~sti na te 
--
Shrubs (Percent) 
Artemisia nova 21.62 22.37 21. 99 21.02 23.30 20.00 
Prunus fasciculata 15.93 14.94 14.52 25.16 45.15 40. 00 
Brickellia ob.longifolia 7.96 2.67 2.50 4.14 
Ephedra nevad~nsis 3.54 2.57 2.49 2.23 3.64 10.00 
Cer~~carpus l ntricatus 1.33 1.07 2.07 4.14 5.10 
Forbs 
Eriogonum spp. 39.82 47.39 46 . 47 29.62 12.38 20.00 
Euphorbi a oce.llata 4.42 2.78 2.07 2.55 3.64 t 
Enceliopsis nudicaulis 2.21 3.39 2.90 5.06 5.34 10.00 
Sphaeral~a grossulariaefolla 2.21 2. 84 2.90 6.05 10.44 
Sals ala kali var. tenu~folia 2.07 
.., 
... 
1 
Tab1 e E-2. Estimates of diet composition for pron9horn antelope #2 collected July 2. 1970 
Oesert Experimental Range. 
-
Rumen analYSis Fecal analysis Vegetation 
Point Microscopic Intestinal Site Sit. 
frame · Gravimetric pOint feces feces estimate 
Shrubs (Percent) 
PrunU5 fasciculata 49.32 50.01 47.83 57.66 37.13 40.00 
EplJedra nevadensis 9.42 29.13 27 .83 14.71 7.32 10.00 
Gutiarrezia sarothrae 10.31 7.87 8.70 10.00 
J\.rtemisia nova .89 .18 1.30 4.71 28.73 30.00 
Brickellia oblongifolia .27 3.00 
AtriplE.J€ c·:mfertifolia 2.17 t 
Forbs 
Sp,'laeralcea grossulariaefolia 21.52 10.82 10.00 7.05 2.00 
Salsola kali var. tenuiEolia 6.73 1.07 2.17 4.41 10.30 15.00 
Euphorbia ocellata .79 
Eriogonum spp. 1.30 3.2~ 
Enceliopsis nudicaulis 4.34 
Grasses .18 .90 .59 
~ 
'" 
------------_ ...... ------------------------------------------
Table E-3. Estimates of diet composition for pron ghorn antelope #3 collected July 30, 1970 
Desert Expe ri mental Range. 
Rumen analysis Fecal ana lysis Vega tation 
Point Mi croscopi c Intestinal Site Site 
f rame Gravimetri c point feces fe ce5 estimate 
• Shrubs ·(Percent) 
Prunus fasciculata 60 .19 77 .51 68.65 62.19 62.37 50.00 
Gu ti errezja sarothrae 18. 96 15.55 16.00 12. 19 12.54 
Atriplex conEertifolia .78 2.82 .1. 73 2,37 
Chrysothamnus spp. .21 .94 
Brickellia oblongifolia .47 .94 ' -
Te tradYnUa nuttallii 3.98 3. 73 
Ephedra nevadensis 3.23 2.71 5. 00 
COlvania stan..,buriana W.OO 
cercoc arpus in tri ca tus 3.00 
Forbs 
Salsola kali var. tenuifolia 4.27 2.17 4.39 1.49 1.02 
Sphaeralcea ~Irossulariaefolia 9.00 2.70 4.08 12.44 11 .53 1.00 · 
Chenopodi um clIbum 7.11 1.08 2.19 3.23 1.36 5.00 
Ellceliopsis nudicaulis 5.00 
Hymenopappus fi1if01iu5 5.00 
Grasses 2.37 ;~. 00 . ... 
'" 
Table E-4. Estimates of diet composition for pronghorn antelope #4 collected July 30, 1970 
Desert Experimental Range. 
Runen ana lys ; s 
Point Microscopic 
frame . Gravimetric point 
Shrubs (Percent) 
Prunus fasciculata 51.77 56.90 56.B7 
Gutierrezia sarothrae 27 .BO 27.00 30.33 
Atriplex conferti £olia 1.95 1.26 .96 
Ephedra nevadensis 1.95 3.0B 2.B4 
Brickellia vvlimgifolia 5.B5 2.90 2.37 
Forbs 
Spllaeralcea g.cossulariaefol1a 6.34 6.75 4.74 
Salsola kal1 var. tenuifolia 4.39 1.00 .96 
Euphorbia ocellata 
Grasses .47 .95 
Fecal analysis Veaetation 
Intestinal Site 
feces feces 
45 .B5 5l.Bl 
34.65 14.46 
3.94 6.33 
2.70 5.12 
1.45 
19. 50 13 .86 
.83 3.31 
5.12 
Site 
estimate 
40.00 
15.00, 
5.00 
5.00 
15.00 , 
5.00 
5.00 
.... 
.... 
Table E-5. Estimates of diet composition for pronghorn antelope #5 collected August 24.1970 
Oesert Expe ri mental Range. 
Rurren ana1ysis Fecal ana lysis V2get':: ti on 
Point Microscopic Intestinal Si te . Site 
frarre Grav;rretric point feces feces est ~ mate 
, 
• 
Shrubs (Percent) 
Prunus fasciculata 30.35 39.73 40.20 60.59 48.20 40.00 
Gutierrezia sarothrae 16.92 11.83 10.08 3.26 10.00 
Atriplex canesoens 1.00 5.96 5.78 6.19 5.00 
Cercoca.r:p"!ct intricatus 11 .83 10.51 .98 1.68 
Tetradymia nuttallii 1.95 1.92 
Forbs 
Salsola kali var. tenuifolia 31.31 23.66 22. 88 15.31 22.54 20 .00 
Sphaeraloea grossulariaefolia 15.42 11 .00 10 .31 9.77 11 .75 15 .00 
Chenopodium album 3.98 3.60 5.00 
Grasses .50 .71 .25 1. 95 
~ 
00 
• 
, 
Table E-6. Estimates of diet composition for pronghorn antelope #6 collected August 24, 1970 
Desert Experimental Range. 
Rumen analysis Fecal analysis 
Point . Microscopic Intestinal 
frame Gravimetric point feces 
Shrubs 
Prunus fasciculata 
Brickellia oblongifol1a 
Gutierrezia sarothrae 
" 
Atriplex canescens 
Tetradyrni~ . ll'.ttallii 
Forbs 
42.16 
2.16 
11.35 
Salsala kal! var . tenuifolia 32.97 
SpJlaeralcea grossulariaefolia 3. 78 
Chenopodium album 7.57 
Grasses t 
56.85 
3.23 
8 .86 
4.91 
19.33 
4.51 
1.60 
.70 
(Percent) 
. 67.18 
2.56 
7.18 
3.08 
15.90 
2.56 
1.03 
.51 
50.77 
.62 
4 .36 
1.87 
2.80 
18.69 
15.26 
1.56 
2.49 
Site 
feces 
52 .60 
6.30 
4.66 
21.36 
11. 78 
3.29 
Vegetati on 
~; te 
estimate 
40.00 
10 .00 
5 .00 
20.00 
15.00 
5.00 
... 
'" 
Table E-7. Estimates of diet composition for pronghorn antelope #7 collected September 30, 1970 
Oesert Experimental Range. 
Rumen analysis Fecal analysis Vegetat ion 
Point 14i croscopi c Intestinal Site Site 
frame ' Gravimetric point feces feces estimote 
Shrubs (Percent) 
Artemisia nova 8.67 10.00 13 . 19 21.17 39.44 45.00 
Gutierrezia sarothrae 28.57 21.92 20.83 37.46 15.29 10.00 
Brickellic) oblongifolia 44 39 ' 31.32 38.19 4.89 2.45 15 .00 
Juniperus osteosperma 1.53 6.50 6.94 2.28 
Prunus fasciculat:::a 2.55 4.82 2.78 19.87 21.71 15.00 
Atripl~r -::onEertiEolia t 3.94 2.78 4.89 7.65 3.00 
Tetradymia nuttallii 1.30 1.53 
Ephe dra nevadensis 7.17 '14.68 
Forbs 
Salsola kali var. t enuiEolia 14.29 12.26 11 .11 6.42 10.00 
Sphaeral cea grossulariaefolia t .24 .69 .98 
Haplopappus nuttallii 3.75 1.39 
Chaenactis macrantha .18 1.39 
Grasses .69 
0> 
0 
Table E-8. Estimates of diet composition for pronghorn antelope #8 collected September 30, 1970 
Desert Experimental Range. 
= 
Rumen analysis Fecal analysis Vegetation 
Point Microscopic Intestinal Site Site 
frame Gravi me tric point feces feces estimate 
Shrubs (Percent) 
Artemisia nova 69.30 76.11 74.89 67.63 65.75 75.00 
Brickellia oblongifolia 17 .67 11.01 12 .56 16.55 15.00 
Gutierrezin sarothrae 6.51 6.22 7.17 6.47 17.13 10.00 
Juniperus osteosperma .93 1. 00 1.00 .71 1.10 1. 00 
Atriplex confertifolia .93 1.91 1. 35 4.32 8.29 5.00 
Forbs 
Eriognum spp. 3.72 1.68 1.35 2.16 
Sphaeralcea grossulariaefolia .93 . 71 2.21 . 
Hymenopappus filiEolius .91 .90 
Salsola kali var. tenuiEo11a 5.52 10 :00 
Oellothera c:aespi tosa 2.00 
Grasses 1.14 .90 1.44 
co 
~ 
Table E-9. Estimates of diet composition for pronghorn antelope #9 collected November 7. 1970 
Desert Experimenta l Range. 
--
Rurr.en analysiS Feca l analysis Ve!:jet·: ci on 
Point t1icroscopic Intesti nal Site Si t l ~ 
frame Gravi metri c point feces f~ces esti ma. te 
Shrubs (Percent) 
Artemisia nova 62.11 45 . 06 46.69 35.52 55.21 . 60.00 
Juniperus osteosperma 22.90 41.25 46. 19 34.48 
Atriplex con£ertifolia 3.08 3.07 2.38 3.10 2.45 ~ 
Gutierrez.ia sarothrae 6.61 7.69 2.38 11. 03 8.28 5.00 ,-
Prunus fasci culata 5.29 .72 .60 .69 6.75 
Tetradymia nuttal1ii 9.56 19 .33 30 .00 
Atriplex canescens t 
Forbs 
SphaeralC6a qrossulariaefolia .60 1. 38 
Grasses 8.81 1.94 1.19 4.14 7.98 5.01) 
'" 
'" 
-~-~ -
Table E-10. Estimates of diet composition for pronghorn antelope 110 collected November 8, 1970 
Desert Experimental Range. 
==-====================.=---
Shrubs 
Artemisia nova 
Atriplex conferUfolia 
Gutierrezia sarothrae 
Ephedra nevadensJ· S 
Tetradymia lluttallii 
Forbs 
Sphaeralcea gross ulariaefolia 
Grdsses 
Rumen ana lys is 
Point 
frame Gravimetri c 
31 .46 
16.85 
43.26 
2.8·1 
5.06 
.56 
24.94 
14.09 
45.72 
7.97 
6.65 
.63 
Mi croscopi c 
point 
(Percent) 
26.71 
17 .59 
48.21 
1.00 
4.23 
.65 
Fecal analysis 
Intesti nal 
feces 
21.97 
14 .39 
53.03 
6.44 
3.03 
1.14 
Site 
feces 
63.31 
28.23 
2.42 
6.05 
Vegetat ion 
Si te 
esti ma te 
60.GO 
- . 
30.00 
10.00 
co 
w 
Table E-ll . Estimates of diet com.osition ,for pronghorn antelope #11 collected April 3, 1971 
Desert Experimental Range. 
Rurren anal,:,'sis Fecal analysis V ,~eti. ti on 
Point , Mi croscopi c Intestinal Site Site 
frame Gravi metri c point feces feces estirr,ate 
Shrubs (Percent) 
Artemisia nova .56 1.05 1. 74 2.01 13.90 15.00 
Juniperus osteosperma .56 .76 1.30 1.51 
Artemisia spinescens 94 .97 91 .24 82.60 81 .91 54.24 60.00 
Ephedra nevadensis .56 1. 24 3.04 3.02 
Tetradymia nuttallii .56 1.13 1'.74 
GutierX(:z.ia sarothrae 1.41 3.91 2.01 
cercocarpus intricatus 2.01 
Atriplex confertifolia .50 
Forbs 
Eriogonum spp. .56 
Sphaeralcea grossulariaefoli a .62 1.01 6.10 5.00 
Grasses 2.23 3.58 5.22 6.03 25.76 20.00 
!f; 
...... ----........ ~.--------------.--------.--------------------
Table E-12. Estimates of diet composition for pronghorn .antelope #12 collected April 3,1971 
Desert Experimental Range. 
Shrubs 
Juniperus osteosperma 
Artemisia spinesoens 
Artemisia nova 
Tetradymia Il!Jttallii 
Prunus fgsciculata 
Atriplex confertifolia 
Forbs 
Eriogonum spp. 
Cryptan tha :ipp. 
Sphaeralcea grossulariaefolia 
Salsola kali var. tenuifolia 
Pens terrvn nan 3: 
Oenothera caespitosa 
Grasses 
Rurren analysis 
Point Microscopic 
frame Gravimetri c poi nt 
44.55 
17 . 27 
30.45 
.91 
.91 
2.73 
.91 
.45 
1.82 
71.30 
9.30 
13.24 
2.60 
.14 
.33 
1.14 
.37 
.37 
(Percent) 
66.22 
10. 22 
13.33 
2.22 
.44 
1.37 
.88 
2.23 
.44 
1.78 
.44 
.44 
Fecal analysis 
Intestinal 
feces 
40 .27 
22 .1 8 
12.63 
5.80 
.34 . 
1. 02 
.68 
10.23 
3.07 
3.75 
Site 
feces 
59.09 
20.32 
8.29 
.53 
4.28 
4.01 
3.48 
Vegetoti on 
Site 
estimate 
60.0) 
20.0·? 
10.0) 
• 
5.00 
5.0') 
00 
'" 
. , 
Table E-13. Estimates of diet composition for pronghorn antelope #13 collected June 4, 1971 
Desert Experimental Range. 
= 
Rumen ana 1ys is Fecal ana lysi s Vegetati on 
Point Mi croscopi c Intestinal Site Sit!: 
frame Gravi me tric poi nt feces feces esti mcte 
Shrubs (Per.cent) 
Artemis ia nova 26.42 24 .66 22.14 28.23 39.13 30.00 
Brickellia oblongifolia 33.68 23. 82 32.14 25 .91 7.63 
A triplex confertifolia .52 t 1. 79 
Prunus fasc.iculata 12.44 16 .69 12. 05 11.96 25 .51 20. 00 
Gutierrezia saro thrae 5.70 4.27 3.13 2.66 
Ephedra nevadensis .52 1.48 .89 9.97 7.54 15. 00 
Te traclymia lluttalli i t 
Juniperus os t eosperma 1. 51 .89 
Artemisia spinescens !i.51 10 .00 
Forbs 
Eriogonum spp. 12 .98 16 .27 19.82 8.64 4.06 
Oenother a caespitos4 6.22 3.21 1.79 3.32 -'I 
Pen.~temon nana 3.38 2.23 
Euphorbia ocal lata t 
Spha~ralce~ gross ulariaefolia .45 8.31 5.51 
Salsola kali var. t enuifolia 1.76 1. 34 1. 99 
Uermidium .llipes 2.32 
Grasses 1.55 2.96 1.34 2.33 
0> 
'" 
Table E-14 . Estimates of diet composition for pronghorn antelope #14 collected June 4, 1971 
Desert Experi mental Range. 
Shrubs 
Artemisia n()Vd 
Pxunus fasciculata 
Cowania stansburiana 
Erickellia oblongifolia 
Juniperus o,;teosperma 
Gutierrezia sarothrae 
Artendsi a spinescens 
Ephedra .levadensis 
Forbs 
Eriogonum spp. 
£nceliopsis nudicaulis 
Sa l sola kali var. tenuifolia 
Pensteroon nana 
Hymenopappus £i11£011u5 
Sphaeralcea grossulariaefolia 
Qonotherd cap~pitosa 
Uermidium ali pes 
Rumen analysis Fecal an alysis 
Point Microscopic Intestinal 
frame Gravimetric point feces 
11.31 
5.43 
3.17 
11.31 
1.36 
44.80 
15 .84 
1.36 
4.52 
1.36 
0.91 
13.63 
2. 27 
5.16 
3.31 
10.79 
0.44 
1. 06 
42.69 
6.31 
2.32 
7.85 
1.92 
0.44 . 
1.82 
(Percent) 
13.1 6 
2.05 
4.09 
2.92 
11.11 
1. 75 
1. 17 
38.84 
4.68 
2.92 
7.94 
2.63 
4.97 
1.75 
32.67 
11.42 
5.12 
1.57 
7.09 
5. 51 
9.06 
12.99 
3.54 
0.39 
7.09 
3.54 
Site 
feces 
34.21 
8.49 
0.53 
7.16 
4.77 
12.73 
13.26 
1.06 
5.84 
0.53 
11 .41 
Vcget,ti on 
s~ te 
est imate 
30.00 
20 .00 
10 .00 
15.00 
10.00 
5.00 
!?'l 
.Tab1e E-15 . Estimates of diet composition for pronghorn antelope #15 collected August 1970 
near Desert Experimental Range. 
Shrubs 
Artemisia nova 
Brickellia oblongifolia 
Juniperus osteosperma 
Atriplex canescens 
Prunus fas cicul a ta 
Forbs 
Euphorbia oaellata 
Salsola kali var. tenuifolia 
Eriogonum spp. 
Penstemon nana 
Grasses 
Point frame 
41.07 
1.79 
t 
54.29 
2.14 
t 
0.71 
Rumen analysis 
Gravimetric 
(Percent) 
42.69 
0.41 
0.68 
0.50 
53.69 
1.13 
0.33 
0.57 
Microscopic pOint 
45.24 
0.40 
0.40 
1.19 
0.40 
48.02 
2.38 
0.40 
0.40 
1.19 
j 
!ll 
Table E-16. Estimates of diet composition for pronghorn antelope #16 collected August 1'970 
near Desert Experimental Range. 
Shrubs 
Artemisia nova 
Chrysotha"nus spp . 
Brickellia oblongifolla 
Prunus fasciculata 
Gutierrr.=ia sa r othrae 
Atriplex canescens 
Forbs 
Eriogonum spp. 
Euphorbia ocellata 
Salsola kali yare tenuifolia 
Sphaeralcea gros5ulariaeEolla 
Grasses 
Point frame 
37.65 
0.58 
l.1 8 
5.88 
2.35 
17.65 
16.47 
4.05 
14.71 
0.59 
Rumen analysis 
Gravimetric 
(Percent) 
34.77 
l.30 
3.40 
2.93 
17.31 
19.16 
l.82 
19.31 
Microscopic point 
3l.64 
l. 17 
2.34 
l.95 
l.56 
14.84 
22.66 
1.56 
20.70 
l.56 
'" 
• <.0 
Table E-17. Estimates of diet composition for pronghorn antelope #17 collected August 1970 
near Desert Experi mental Range. 
Shrubs 
i\rtemisia nova 
Prunus fasciculara 
cO~/ania st:~1nsburiana 
l!triplex cO:lfertifolia 
Ephedra ne\ ·adellsis 
Forbs 
Salsola kali var. tenuifolia 
Euphorbia or:ellata 
Sphaeraloea grossularia~folla 
, 
Grasses 
Point fra"" 
71.97 
7.64 
17. 83 
2.55 
Rumen analysis 
~raviJretric 
. (Percent) 
77 .1 5 
4.28 
1.55 
12.87 
0.47 
3.67 
Microscopic point 
70.07 
2.11 
0.70 
0.70 
0.35 
5.63 
0.35 
2.46 
1. 76 
'" o 
I 
Table E-18. Estimates of diet composition for pronghorn antelope 118 collected August 1970 
near Desert Experirr.ental Range. 
, 
Shrubs 
I 
Artemisia nova 
Prunus fasciculata ·, 
Atriplex confertifolia 
Forbs 
Sal sola kali var. tenuifolia 
Oenothera caespitos a 
Euphorbia ocel1ata 
Sphaeralcea grossulariaefolia 
Pens tem::m nan~ 
Grasses 
Point fra..., 
61.68 
7.78 
25.15 
2.40 
1.80 
0.60 
0.60 
Rumen ana lys; s 
Gravimetric 
(Percent) 
61 .57 
13.41 
13.47 
0.67 
8.85 
0.31 
1.73 
r~icroscopic point 
61.37 
13.12 
0.43 
14.40 
1.28 
1.28 
4.70 
1.28 
2.1 4 
'" ~ 
- --- ----~---" .¥_._- .. ~.-~.--...... . -- ' ... ~ ..... --~- .... -.. ---... ----- ........... _ .. "._--", ... - - .. 
Table E-19. Estimates of diet composition for pron9horn antelope #19 collected AU9ust 1970 
near Oesert Experimental Range . 
-=-=========,=============================-, 
Shrubs 
Artemisia nova 
Gutierrezia sarothrae 
Atriplex canescens 
Forbs 
Sphaeralcea grossulariaefolia 
Euphorbia ocellata 
Salsola kali va r. tenuifolia 
Linum lewisii 
Grasses 
, 
Poi nt frame 
83. 11 
0.65 
6.50 
1.30 
7.14 
1.30 
Rumen analysis 
Grav; metri c 
(Percent) 
87.22 
1.24 
4.03 
1.25 
3.13 
3.12 
Micr~scopiC point 
87.37 
1.01 
0.51 
2.54 
2.02 
3.03 
2.02 
0.51 
'" N 
Table E-20. Estimates of diet co~osition for pronghorn antelope #20 collec~ed August 1970 
near Desert Experimental Range. 
Shrubs 
Artemisia nova 
Ephedra nevadensis 
Prunus fasciculata 
Atriplex ca~escens 
Forbs 
Salsola kal1 var. tenuifolla 
Sphaeralcea grossulariaefolia 
Oe nothera c ,!espitosa 
Eriogonum spp. 
opuntia SJ?p . 
Grasses 
Point frarre 
76.64 
4.40 
7.30 
t 
2.19 
5.84 
8.03 
Rumen analysis 
Gravimetri c 
(Percent) 
75.00 
8.50 
4.87 
3.95 
7.68 
f4i croscopic p~int 
74.49 ' 
7.83 
5.35 
1.07 
4.14 
2.14 
3.91 
0.53 
'" w 
Table E-21. Esti mates of diet composition for pronghorn antel ope #21 collected August 1970 
near Oesert Experimental Range. 
Sh rubs 
Prullus fasciculata 
Artemisia nov.~ 
Gutierrezia sarothrae 
CercOcarpus intricatus 
Salvia carnosa 
Forbs 
Salsola kali var . tenuiEolia 
Sphae.ralcea grossulariaefolia 
Euphorbia oce.llata 
Grasses 
Point frarre 
90.70 
7.00 
0.70 
1.16 
t 
0.37 
Rumen ana1ysis 
Gravimetri c 
(Percent) 
92.00 
5.78 
0.70 
0.83 
0.31 
0.37 
Microscopic point 
74.21 
7.37 
5.26 
1.05 
3.16 
• 3.16 
3.16 
2.63 
'" 
..,. 
Table E-22. Estimates of diet compositi on for pronghorn antelope #22 collected August 1970 
near Desert Experimental Range . 
====~=====================================, 
Shrubs 
Artemisia nova 
Prunus fasci culata 
Atriplex Ciwesce!lS 
Forbs 
Euphorbia ocella ta 
Linum lewi~;ii 
Grasses 
Poi nt frarre 
8.07 
1. 61 
t 
75.16 
10 ,'56 
4.35 
Rumen anal ys is 
Gravimetric 
(Percent) 
10.11 
9.81 
2.63 
63.84 
10.24 
3.36 
Microscopic poir.t 
13.55 
7.33 
1. 10 
65 . 93 
10.99 
1. 1 0 
, 
'" 
'" 
APPEllDl X F 
Percent Dry Matter Intakes and Percent Di et Est i mates 
for 1-lu1e Deer Using Fecal Analyses 
96 
Table F-1. Percent dry matter i ntake and p~rcent diet estimate for a fe mal e mule deer us i ng fl~cal 
analysis. 
Artemisia Wyethia Lomatium Poa Junip, ~.rus 
tridentata amplexicdulis dissectum pratensis osteos.?erloloi 
Samp le D.I~. F.A . D .11. F .A. D .11. F.A . o . ~1. F .A. O.M. F.A. 
Day 1 PM 19.13 31.58 35.74 29.38 26. Hi 15.58 18.79 17 .5~ 0.25 5.57 
Day 2 AM 10.44 41.08 40.25 22.08 30.85 14.61 17.23 19.64 1.23 2.60 
Day 3 Pl·' 10.44 27.30 40.25 31 .48 30 .85 18.09 17.23 21. 71 1.23 4 .27 
[lay 4 AM 5.52 32.00 42 . 93 34.40 32.91 1,1.60 18 .38 18.40 0.26 3.60 
[Jay 5 PM 5.52 33.71 42.93 32.01 15.01 18.38 18 .38 18.42 0.26 0.85 
Day 6 AI~ 10 . 20 27.65 38.01 23 .67 34.53 25.00 17 .02 20.58 0.24 3.10 
Day 7 PM 10. 20 31.11 38 .01 18.35 34 . 53 23. 94 17 . 02 23.90 0.24 2.66 
Day 8 AM 5.58 25.60 39.97 22. 10 06 . 30 26.70 17. 90 24.07 ' o .... ,. 
.-" i.53 
Day 9 Pl·' 5.58 26.41 39 .92 18.79 36.30 31.70 17. 90 20 . 36 0.25 2.74 
Day 10 AM 10.20 26.42 38 .01 22.99 34.53 27.91 17.02 21. 42 0.24 0.90 
Day 11 PI"! 10.20 26 . 42 38 .01 18 .22 34 .53 31.61 17. 02 20 .90 0.24 1.17 
~iean 9.37 29.93 39.46 24. 86 33 .12 21.98 17.63 ' 20.63 0.43 2.64 
O.M. = Dry mJtter intake 
F.A. = Fecal ana lysis estimate 
'" 
..., 
Table F-2. Percent dry matter intake .nd percent diet estimate for a male mule deer using fec.l 
analysis . 
Artemisia Wyethia Lomatium Po. J:mip·;xus 
tridentata amplexicaulis dissectum pratensis osteC'';.?erma 
~ample 0.11. F.A. o.M. F.A. o.M. F.A. o .I~. F .A. o.M. F.A. 
Day 1 PM 12.39 29.78 40.28 28.88 26.01 13.25 21 .18 24.39 0.28 3.60 
Day 2 AM 13.87 31 .08 39 .13 36.81 30.06 10.64 16 .76 16.71 0.24 4.70 
[ilY 3 PI~ : 3.87 27.54 39.13 25.31 30 . 06 15. 63 16 .76 26.05 0.24 5.45 
['ay 4 AM 9.30 28.64 41.20 27.65 31.60 18.03 17.65 19.50 0.25 6.18 
Day 5 P;~ 9.30 28.60 41.20 21.29 31.60 24.34 17 .65 23 . 94 0.25 1·83 
Day 6 AM 4.94 25.43 40 .24 23 .04 36 .54 25.74 18 .02 19.35 0.25 5.43 
Oay 7 PM 4. 94 28.42 40.24 20.79 36.54 29.47 18.02 ·18.68 0.25 2.64 
Day 8 AM 9.08 25.73 38 .48 16.28 34.96 35.84 17.23 18.24 0.24 3.91 
Day 9 PM 9.08 22.24 38 .48 25 . 98 34.96 22.84 17. 23 16.38 0.24 2.56 
Day 10 AM 9.08 30.00 38.48 22.57 34.96 24 .85 17.23 22.00 0. 24 0.58 
Day 11 PI~ 9.08 27.55 38.48 18 .47 34.96 27.90 17.23 34.37 0.24 '1 .71 
~lean 9.54 27 .73 39.58 24.58 32 . 93 22 .69 17.71 22.70 0.25 3. 51 
. 
o.~L = Dry matter intake 
F.A . = Fecal ana lysis estimate 
<0 
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Vegetati on 
The major vegetation corrmunities occurring on the study area were 
del ineated as the basis for sampling vegetation, and h/o to four trans-
ects "" ere l ocated randoml y in each . T\'Jenty circular 9.6 ft. 2 plots ,Iere 
l ocated along each transect. Fourteen transects \'Iere located as follows : 
11 1 to 3 in \'!hite sage, #4 to 6 in pl'unus w35hes , #7 to 10 in shadscal e, 
#11 and 12 in bl ack sage , and #13 and 14 in upland shadsca l e commun iti es 
(Fi gure G- l ) . The shadscale community i s the largest type in terms of 
area, followed by white sage, black sage. upl and shadscale and prunus 
wash comnunities. 
The green we i ght of individual forage species present in each 
plot was estimated according to the \'Ieight estimate method described 
by Pechanec and Pickford (1937) and converted into dry matter producti-
vity for each major plant community (Tabl. G-l). 
In consequence of the fact that occasional intense summer showers 
resulted in ·heavy runoff in the drainage cour~es, the hi ghest product-
ivity found in the prunus type was 254.17 lb. per acre. Shrubs contri-
buted most of the yield, especially desert al m~~i, snakeweed, and rabbit 
brush. The white sage and black sage commun i t i es were nearl y as product-
ive yielding 243.30 and 236.30 l b. per acre, respective ly . 
Th e mean total herbage production on the study area for 1970 was 
214.04 l b .. per acre, of which si.rubs y i elded 139.37 lb. per acre, forbs 
20.97 lb. per acre, and grass 53.73 lb. per acre. Th ese y i elds are some-
what hi gher than the 5 year mean production reported by Bea l e and Smith 
(1 970) and i s probab ly attributable to the hi9her than average precipit-
ation during the month of July (Fi su"" G-2) . 
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Figure G-I. locotion of vegetat ion prOduct :-,;I;,' estimcle t:-onsects in enclosure . 
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Table G-1. Air dried herbage production in pounds pcr acre on the Desert Experi mental . Range, 
August 1970 
Community types 
Upl and Prunus 
Species White sage Black sage Shadscale shadscale washes 
Shrubs (pounds /acre) 
Artemisia nova 69.96 1. 38 2.01 
Artemisia spinescens 3.30 2.52 0.31 t 
AtripJ.ex c .. mescens 0.10 1.86 
Atriplex confel.'tiEolJ.a 23.80 19.03 61.26 22.33 '\ .76 
Brickellia oblongiEolia 0.54 
Cercoca r pus intricatus t 
Chrysothan~us spp . 0.80 8.75 0.90 17 :06 44 . 67 
Eurotia lana ta 168.00 1. 42 24 . 74 0 . 29 4.?4 
Ephedra ne vadem:is 19.36 8.75 25.10 
Gutierrezia sarothrae 0.10 13. 42 0.79 13.11 27.31 
Prunus fasciculata t t 100.48 
Sal via c arnosa 0.32 
Tetradymia spinosa 1.30 2.22 ·0 . 48 
Subtotal 196 .10 · 133 .24 98 .96 81.80 186. 77 
Mean Production 139.37 
~ 
0 
N 
-----:-- -------
Table G-1. Continued. 
COlT1Tlun; ty types 
Upland P:-:.mus 
Species White sage Black sage Shadsca1e shadscale wr.shes 
Forbs (pounds/acre) 
Artemisia frigida 0.1 
Chenopodi u.1I album t 0.09 
Cha enactis macrantha 1.09 
Cryptanths spp. 
" 
0.53 t 0.54 t 
Eriogonum spp. t t 4.35 
~ 
Euphorbia ocellata t t t 
Encelj oT'c:.ir. n,udi caulls 2.60 
Halogeton glomeratus 33.60 0.47 1.29 t 9.36 
uymenopappus filifol1us t t 
!~pldlum montanum t ( t 
Opuntia spp. 11.63 25.76 
Salsola .kali var. tenuifolla 1.20 0.47 0.12 .t 1.14 
Sphaeralcea grossulariaefolla 2.70 0.82 2.79 0.51 . 3.81 
Townse ndia florifer t 
Subtotal 37.60 2.19 15.83 9.09 40.16 
~ 
<> 
... 
Mean ProductiQn ' 20.97 
------
Table G- l. Continued 
Co!Tt':'!un i ty types 
Speci es flhi te sa ge Black sage • Shadsca1e 
G"'asses (pounds/acre) 
Bouteloua g:c:cili.s 30.06 8 .83 
Hilaria ja mesii 11.20 13.40 
O~yzopsis hun~noides 6.20 49 . 41 42 .65 
S.1 tanion hystrix 10. 20 8.03 
Spo~'obolus crypti!.'1drus 3.40 10 . 54 
SIJbtota1 9 .60 100 . 87 83 .45 
l'.ean Production 53 . 73 
To tal Vegetation 243 . 30 236 . 30 198.24 
Nean Production 21 4 .04 
Upland 
sn<:!:dsco.ie 
15 .62 
9. 08 
21.03 
0 . e9 
C.05 
47 .47 
138 . 36 
?r'J.~ ll$ 
\·I a:.n,~.:; 
---
5 .~;O 
• •• "7 
!. I : 
13. ~It 
,. 
-
6. E 3 
- ---
? .. ~ t. ~I .!.<t 
254.17 
. J 
o 
~ 
105 
.J J?:L 197 1 p.p.t. j I r~ 1970 p.p.t . • -"-,".0-J JD. II year mean p.p.!. 1. 5 ." (! ine indicates standard J error) 
Nov. 
Figure G-2. Prec ipitation during methods study ond II yeor meon on 
1hc DesErt EAp2rimcnlal Range. 
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of 1911 col'ie(;t"!c:::s (.:1\' Lf1bu!c.iNi ;11 Teb1\: C·"2. The mean contril)Llt.ion 
of forage cla:.So to ti:~ di('t or (n~tf:lopc for all se\lC'n collec t"iclls 1"1a:': 
Shl"ll~ l~ 80 ,61 pel'cen t . forbs 17 ./fl percr~n t, ~11lc1 9rD.~$l.!s 1. 65 percent , Th(~ 
sca~ona 1 jlil. Hem in pr;:lnghnrn (Ii ri s ~'/ 115 s i rri '] ar to t ha I. foun.d by B~a 1 e 
, 
and Sr.1i th (1 970), a 1 Ulough i II til; s case . foriJs \"lere not as i mpor tant as 
t he i r diet!. suggest. The highest forb consumption observed by me \'laS 
33 . 22 percent and 35.75 percent \,'hich occurred in June and Septembcl' . 
BrOl'/sc made up 89 .7 pe rcent and 96 .23 percent of the pronghorn diet in the 
April and November coll cc ti o;"Js, rcspect i vely " 
The l o'"er amount of forbs in the diets during this study , as 
compared t o those reported by Beal e and Smi th,"was due to the lower 
th an average effecti ve pr'ecipitat'ion during the early spring months . 
Only during the latter part of the sprin g period did forbs, ma inly 
HriogonUln \'11 tr 1 c;c;ser amount of Sp:lderillcea and Enc--:)iiops is, become 
a major part of the di et (Table G-2) . 
Above nonna l preci pi tat i on dul'ing July resulted in a flush of 
grm'lth especia ll y in those speci es occurring to the drainage courses. 
Desert a l mond made up a l ar ge part of the diet in mid-summer and snak€'-
weed \'las co!"'!s:Jmed h:;lv ily in 1 .::~c Tu.ll . 
Forbs reprpsentprl ah('lt't one-thi rd of the fcrzge eaten at the I~Jy I 
1971, June and August, 1970 , collections. The most i mportant forbs 
during l ate summe r \'I el1~ Russian thi s tle and chenopodium. Scarlet gl obe-
mallo~';, a drought · tol e r ant spc:cies,\"Ias round in the diets at all time:; 
but it alSO increasC!d i n OCC lJ r r enrp af;,:pr the Ju ly raln . 
__________ , _, 0 - - __ • 
Table G-2. Mean percent est imates of pronghorn antelope di e ts for Cesert Exper i;::e r:t ~: ~~:1~~ 
.. -
SPRING 71 SU~~;';ER 70 F;\LL i O 
Periods I II ! I I IV V VI VII 
O'Jer2.il 
Species 1'1"'22'1 
( Percent) 
Artemisi a nova 17 . 22 25 . 61 16 . 13 47 . 19 4~ . 15 21 . 47 
Prunus t"asci=ulata 0 . 15 12 .43 39. 70 58 . 20 43 .07 5. SG 1 . 1 G 23 . '~ 1 
Gutier£E zia sarothrae 0.57 2.70 3.04 18 . 16 8 . 47 15 .6(. '" A 0" 1 f) ":' t: t.:: . .. c; .... . ~ w 
Bricke2lia ob longifolia 11 . 98 1. 70 1. ; 9 0 . 73 17 . 52 (t . 73 
Ephl~~ a ne vade ns i s 0 . 62 5. 38 10 . 11 2 . 69 1. 22 ' .. ~ " . -' o --_. :':) 
Junipe~:us es teosperma 17.76 2. 04 1. 92 12 . G:J " '" .., . 'j~ 
Tetrad~l!T1iil nut tallii 2 . 61 0. 01' 0 . 65 0 . 57 O. 2Li. €.~C 1. "1 
ChrysO [~ilmn US spp . 0 . 10 t 
Iltriplex conferti fol i a 0.19 0. 20 0.18 2 .48 1.85 6. 38 'j . 61 
lttriplc'x cam.'scens 3.68 0 . 75 
Cowanic' stan!]buri ana 1,f<7 0 .86 C. 33 
CercoCaXlms intriC~1 tus 0 . 16 1. 14 0 .26 2 .1 Z O. 3 ~ 
Arte misia spinesce ns 50.43 4 .28 7 .E2 
- ' c 
Total shrubs 89 . 71 65.75 71. 99 84 .60 64 .25 91 .75 S~ .23 ~ 
Table G-2. Continued 
SPRING 71 SUXNER 70 FAL L 70 
?eriods I II I r I IV V VI VII 
Overall 
S:>ecies r2t::-. 
(Fercent) 
El'iogonuln spp . 0.43 18 . 42 16 .47 0.75 - 1-~. ::: 
Sphaeralcea !rrossulariaefolia 2 . 24 3. 16 6 .24 9 . 01 10.67 0.48 0 . 37 i. . €() 
Salsola kali var t~nuifolia 0.39 1. 37 3.45 2 . 45 22.32 5 .80 5 .11 
8.1ccliopsis nudicaulis 4.45 0 . 37 0. 43 C.7; 
E'.Jphorbia ocellata 0 . 01 1. 34 0. 87 0. 3'2 
Chenopodium ~lbum l. 70 2.76 L. . 0 ~ 
H:;menopappu.3 E111fo11u5 0 . 50 0 .43 0 .15 G. ~s 
Haplopappus r.uttallii 0.43 e.cs 
Chaenactis ~crantha 0.13 0 .02 
Oenothera c~espitosa 0 . 71 1.27 0 .16 0 . 31 
PenstoJmon nlna 0 .04 2 . 21 0 . 32 
Cryptantha spp . 0 . 39 0 .06 
lIez:midium aUpes 1. 83 Q. 31 
- ---------
~ 
Tota 1 forbs 4 .20 33 .22 27 . 87 14.89 35.75 7 . 90 o. :':17 <> 
'" 
Grasses 6 .1 0 0 .68 0 .14 0 .50 0 . 61 0 . 35 4 .Ci 1. 77 
Grasses ()Ccul~t~ed in d'ict~ ut ill I rcr~()ds cut tney oc.curred i n 
iI!lj)I"c:ci:1ble !lIi:ntiU(·s (>llly U1ff'lh:1 r\I)~ i1 bild r::>Y2r:lb~l~ . 
lO~ 
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